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Abstract 
To remain competitive in a context of multi-partner projects companies are increasingly 
concerned with the coordination of design projects. Information systems such as PLM or 
CSCW are implemented to support the coordination of product information flows. Project 
managers are nevertheless finding it increasingly difficult to manage projects effectively. 
The impact of collaboration aspects on the design process is especially difficult for them to 
evaluate. Indeed, failing to integrate collaboration aspects into coordination can account for 
a great deal of design mistakes and finding a solution could lead to improved design 
coordination. 
The main ob ective of this research is then to help project managers improve coordination j 
in design processes through a detailed analysis of collaboration between actors. A model of 
coordination and an associated model of collaboration have been devised together with a 
tool ("CoCa") to be used by researchers, consultants or project managers in the analysis of 
collaboration. This analysis can lead to the understanding of collaboration aspects and 
identification of the problems caused. 
Consequently, guidelines can be defined to prevent the re-emergence of the identified 
design problems in new projects. These guidelines are recommendations to introduce 
collaborative aspects, flexibility in the design process and elements for decision making 
when defining future design situations. Finally, a study of a specific application 
implementing PLM tools demonstrates that they are not able to manage firstly design 
projects and human resources whilst taking into account collaborative aspects or, secondly, 
the necessary synchronisation between human design activities and document workflow 
tasks. It is thus evident that these two factors are needed in PLM tools in order to apply the 
proposed model of coordination. 
An industrial partnership with an SME led to the study of its information system, an 
experiment with the CoCa tool, practical design process improvements, and implementation 
of a PLM prototype. 
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Glossary 
Actors: The word "actor" is used to denote any person involved in the complex network of 
collaborative relationships during design projects within and across the company's 
boundaries. 
CAD: Computer Aided Design. 
CND: Customer's Need Definition (Ederena terminology). 
CoCa: Collaboration Capture. 
CSCW: Computer Supported Cooperative Work. 
ERP: Enterprise Resource Planning. 
ESPRIT: ESPRIT, the information technologies (IT) programme, is an integrated 
programme of industrial R&D projects and technology take-up measures [ESPRIT 2000]. 
They support the EUs policies for improving competitiveness, growth and employment. 
GRAI: "Groupe de Recherche en Automatisation Int6gr6e" i. e. Research Group for 
Integrated Automatisation. 
GUI: Graphical User Interface. 
ICED: International Conference of Engineering Design. 
IMDEV: As CIMMOD, it is conference of Esprit Working Groups. 
IDMME: Integrated Design in Manufacturing and Mechanical Engineering. 
IDEFO: IDEFO is a method designed to model the decisions, actions, and activities of an 
organisation or system. IDEFO was derived from a well-established graphical language, the 
Structured Analysis and Design Technique (SADT). 
IPPOP: Integration of Product - Process - Organisation for engineering Performance 
improvement. IPPOP is an RNTL labelled project by the French Ministry of Economy, 
Finances and Industry. 
xvii 
IT: Information Technology. 
PAT: Project Administration and Tasks (Ederena terminology). 
PDA: Personal Digital Assistant. 
PDM: Product Data Management. These IT systems help to manage design documents of 
the company. 
PDS Assessment: PDS assessment is an approach often used in the PTC Company to 
improve the consulting process. This approach is based on audits. 
PLM: Product Lifecycle Management. These IT systems are an evolution of the PDM 
systems where the management of documents is supported by life-cycles and workflows 
(processes). 
PTC: Parametric Technology Corp with PLM (WindchilITM) and CAD (Pro/Engineer) 
systems. 
RNTL: French National Network on Software Technologies 
SME: Small and Medium Enterprises. 
UML: Unified Modelling Language. This is becoming an industry standard for visualising, 
specifying, constructing, and documenting the artefacts of a software-intensive system. 
UML facilitates communication and reduces confusion among project stakeholders. 
xviii 
1 Introduction 
This Chapter outlines the background of the research and explains the focus of the thesis, 
detailing the relevance of the research to the current body of literature. 77ie research aim 
and objectives are outlined, along with the research approach taken and the overall 
research deliverables. Finally the structure ofthe thesis is presented. 
1.1 Background 
During the last fifteen years, there has been a growing research interest in the study of the 
design activity. This evolution is justified by the strategic place of design in the product 
life-cycle. It is now well established that design is the step where the reduction of cost and 
lead-time can be the most effective. The decisions made in design have an impact on all the 
following life cycle steps. Consequently, in the face of a more and more aggressive 
worldwide competition, industrial and research laboratories have worked together on the 
concept of "concurrent engineering" to improve product development. Tomorrow it will be 
necessary for the company to become a collaborative one, and to know how to mobilise the 
collective intelligence and knowledge of its internal and external parts (employees, 
suppliers, customers ... ). Thus, it is important to develop collaboration between the actors in 
order to improve design as the result of work made jointly, and to enable knowledge to be 
shared within the team. 
Nowadays a significant proportion of software tries to take into account collaborative 
aspects of designing industrial products. In particular, information systems like PLM or 
PDM systems manage information, documents, responsibilities, people, and try to deliver 
the right information to the right person at the right time during the process of product 
development. 
In this context more and more companies are focused on continuous product innovation 
and process improvement in order to reduce the time to market and development costs. 
Ensuring the coordination of the whole development of a new product is a challenge for 
managers at the different levels of such projects, especially in SMEs (Small and Medium- 
sized Enterprises) [Fenves, et al. 2003]. 
Various words are used in this thesis such as cooperation, coordination, collaboration, 
processes, and workflows. These words have different interpretations but have 
interpenetrated realities in design. Cooperation is the process of working together to the 
same end; whereas Coordination is the process that aims to plan and schedule different 
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tasks, and to distribute resources. The complex combination between Cooperation and 
Coordination is used to define Collaboration. A Process in design is a group of design 
activities. Lastly, a workflow is a predefined process implemented into an information 
system. A detailed definition of these words is arrived at in Chapter 3. These words are the 
key words of the thesis and are used extensively throughout. 
The objective of this research is to find ways to improve Design Coordination in SMEs by 
analysing and fostering collaboration between actors. This work is mainly focused on the 
organisational aspects of SNlEs involved in networks composed of large companies, 
subcontractors and other industrial partners. In this context, the design process of a 
manufactured product is complex and depends on parameters which are based on multiple 
aspects combining organisation, project management and relationships between suppliers, 
customers, and subcontractors which are also difficult to define precisely. 
In the SME and in this study, the project manager's task includes the organisation and the 
scheduling of design projects around an appropriate structure. [Coates, et al. 2000] suggest 
that task management and scheduling together with resource management are the most 
important issues when it comes to operational coordination. However, this requires that the 
design process can be rationalised and organised using a prescriptive approach. In an SME 
respecting deadlines is the main performance target. The project manager must ensure that 
the outputs from designers converge and do not interfere with any of the others. The 
performance of the collaboration between co-design partners and also with suppliers offers 
the possibility of gaining fast access to specialist knowledge and capabilities, of spreading 
and sharing costs and risks, and of better exploiting the expertise of the partners. According 
to integrated design methodology [Tichkiewitch 1996] models, tools and methods must be 
developed to control the exchange and sharing of data during the design process in order to 
reduce risks of redundant or contradictory data and to facilitate effective collaboration. 
Engineering design can be viewed as a system where decisions coordinate and control 
technological activities which transform product and process knowledge by exchanging 
adequate information. The most recent works demonstrate that it is necessary to integrate 
product, process and organisational points of view in order to control the performance of 
engineering design [Merlo and Girard 2004]. 
In terms of tools, PDM (Product Data Management) and PLM (Product Lifecycle 
Management) systems are intended to support product data structuring and management 
throughout the product development process. They are often based on Internet-based 
technologies and offer groupware-like functionalities for collaboration between actors. 
As part of this thesis project an industrial case study was carried out with an SME which, in 
the 1990's, had developed an innovative manufacturing process for structures using 
honeycomb sub-assemblies. This new technology confers lightness and significant 
vibration absorption on products whilst maintaining a similar rigidity to steel. The company 
reached new markets and has grown strongly in recent years, from three people to forty. So, 
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it was involved in a period of organisational change in order to rationalise its information 
flows, which is the primary concern of the company. 
In Ederena three types of product are designed then manufactured according to six criteria. 
T'hese criteria and types allow the design process to be adapted. 80% of designed products 
are redesigned from an existing product, 15% are a similar product and 5% are new and 
innovative products for the company. The main phases of all design processes are 
feasibility, preliminary and detailed design, prototype and production. Initially, the projects 
were managed by a "charg6 d'affaire" who was in charge of the whole project with 
informal collaboration with external actors. 
1.2 Context and research aim 
In the present international context, the design of manufactured products relies on people 
from different disciplines as well as on the levels of knowledge and expertise from 
disparate organisations (services, departments, companies). Many studies on collaboration 
have been carried out from the viewpoint of various disciplines such as sociology, 
management or cognitive sciences, but this topic is a new concern in the engineering design 
field. In the last few decades, the main concern of design research has been on 
manufacturing, costs, quality, and lead-time. Nowadays, design problems have evolved, 
and these new problems have become as important as previous concerns. Thus, a way for a 
company to differentiate itself from another one relies on whether or not it is able to take 
into account such design problems. These "new" design problems include, for example, 
knowledge management, innovation, creativity or collaboration. 
In this context project management must on one hand ensure the coordination of resources 
and activities, and on the other hand foster cooperation between actors, in agreement with 
defiiied objectives. So, nowadays more and more research is focused on coordination, 
[Duffy, et al. 1997] and on cooperation [Perrin, et al. 1995] in design. 
In this research, collaboration is described as a complex combination of coordination and 
cooperation processes. This prescriptive process defines the designers' activities and their 
interrelations. An actor is viewed as a resource in the project processes but also as an 
autonomous actor who can learn, decide, and finally create those processes. With an 
adequate coordination of actors and activities, collaborative work can be fostered. In this 
context favourable situations for the generation of solutions emerge faster than in a non- 
collaborative working [Garro, et al. 2001]. 
Cooperation is considered as an effective and concrete articulation among designers 
involved in a collective action (working in practice towards a consensus goal). In a given 
situation it is the cooperation between designers which will be effective in a collective 
action. During the action of cooperation the designers may redefine the coordination rules 
and create new interactions [Legardeur, et al. 2004a]. This cooperation is a logical 
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alternative because the coordination rules cannot prescribe all the situations that can occur 
during product development. 
So, the main objective of this research is to focus on the analysis of the collaboration 
between actors in order to improve various design coordination aspects. 
In SMEs actors are often multidisciplinary and must be able to use various different skills: 
from economic to technical [Thouvenin 2002]. SMEs often have no fixed borders between 
departments; one actor can possess various design roles and can be incorporated in several 
departments. Most of the time one actor looking for information or technical help knows 
who is able to help him and goes to speak to them without the need of a formal schedule or 
hierarchical validation. In a small structure such as in an SME, actors have understood that 
if someone helps a colleague, this colleague may help him in the future. On the other hand, 
this form of collaboration requires permanent availability from employees and makes their 
work pattern disjointed. 11is collaboration in SMEs is very important in a large project 
where one person is not sufficient to manage it. Moreover, innovative SMEs whose key to 
survival is the continuous innovation of their products are concerned about collaboration 
[Filson and Lewis 2000b]. Collaboration fosters the emergence of new ideas, improves 
mutual leaming, and keeps flexibility in the operative design processes, and does not stifle 
the emergence of innovation. 
So, this research is focused on collaboration in design activities and, more precisely, in the 
industrial context of SMEs. 
The research reported in this thesis aims to help project managers in SMEs to improve 
coordination in the design process through to a detailed analysis of the collaboration 
occurring between actors. This analysis of collaboration concerns the study of various topics 
like: organisational structure, coordination/cooperation between actors, design processes, 
information flows, tools and software. A brief description of these topics is given in order to 
have a clearer description of the research context. 
- The organisational structure of the company is very important for actors who wish 
to know what their functions in the company and in projects are and to understand 
the consequences of their work for the progress of projects. In a small structure, 
such as the one encountered in SMEs, the workforce is often changing and is 
dependent on the demand from clients. So, the company must manage, within a 
short lead-time, the integration of new people who must adapt themselves to the 
company. 
- In this context of innovative SMEs, several contradictory collaboration 
characteristics are generally noticed: flexibility versus low level of prescription of 
design process, intensive and informal collaboration versus lack of skill 
management... Consequently this collaboration needs to be analysed in order to help 
the management of the company to enhance the right type of collaboration with 
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more efficiency in design projects. Collaboration is considered as an effective and 
concrete articulation among designers involved in a collective action (working in 
practice towards a consensus goal). 
- Coordination is the process that aims to plan and schedule different tasks, and to 
distribute resources during projects. A prescriptive design process defines the 
designers' activities and the interrelations between actors. Nevertheless, the 
coordination of design processes defined by senior managers or project managers is 
often based on simple rules like weekly meetings, lead-time control and provision 
of documents. Nevertheless coordination is a global approach that cannot be 
restricted to these aspects; this will be studied in Chapter 3. 
. Coordination also allows management of the information flows in order to ensure 
the management of projects where for each activity of the design process, the input 
and output data are defined. 
. Tools and software are a support for the coordination and the cooperation by 
creating a shared framework used daily by actors during design activities. 
The success of management and coordination of design processes lies in the identification 
of points of flexibility and in the quality of the collaboration between actors. Indeed, the 
introduction of flexibility in processes is not intended to define design processes less 
formally but to allow actors and project managers to adapt design activities to the specific 
context of the design situation. In the SME environment it is essential to identify what must 
be really controlled and so predefined through design processes, and what must be 
encouraged and not detailed. The management of the product development processes 
requires greater flexibility in the activities [Weber, et al. 2002]. Moreover, flexibility is 
very important to foster exchanges between actors and the emergence of new ideas. 
Concepts of flexibility, collaboration and coordination are significant preoccupations for 
innovative SMEs. So, these concepts make up the basis of the research work of this thesis. 
Ile introduction of flexibility is based on the study of the design processes and the 
interactions between actors. So, this study will be able to help the management of the 
collaboration processes integrated with an accurate measurement of the collaboration in 
order to assess the "quality" or the performance of the collaboration used [De_Vreede and 
Briggs 2005]. Then, it is essential to know what measurement concepts are important when 
assessing collaboration. 
The final objective of this research is to improve coordination in design in SMEs through a 
detailed analysis of collaboration. For this reason, this thesis attempts: 
- To identify methods and tools to follow projects and record collaborative events 
occurring during the design process in order to identify generic "good practices" or to 
help to identify the origin of design problems. 
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- To define a model describing these collaborative events in order to understand the 
chain of events occurring during projects and the collaboration between actors and in 
order to be able to automate recording this through a software tool. 
- To propose recommendations to transform this information recorded on 
collaboration into knowledge for project managers. The information recorded leads to 
the analysis of the collaboration aspects occurring in design projects. This analysis is 
the basis for the definition of "guidelines" for the future management of projects. 
For that purpose, a tool has been designed and implemented to be used by researchers, 
consultants or project managers in order to track all the collaborative events and the project 
context. The tool progressively accumulates qualitative and quantitative data that can be 
analysed to gain a detailed description and understanding of complex collaborative 
processes. This tool is based on theoretical models characterising collaboration, 
collaborative events and other data which must be recorded to allow an analysis of the 
collaboration. A posteriori, all this data may be used by project managers to study the 
collaboration between actors in order to adapt the design process to the form of collaboration 
used in the company and identify "good practice' and improve managers' decision making. 
Currently, various types of tool support the management of coordination or cooperation 
work in design. As for example, CSCW systems (Computer Supported Cooperative Work) 
or PLM (Product Life-cycle Management) systems lead companies to coordinate their 
document flows (office files, CAD models, technical files ... ) by processes of validation 
[Johansen 1991], [Pol, et al. 2005b]. Such tools support coordination between actors in 
projects by sharing a reference environment composed of the same language, objectives, 
methods and tools. These tools are used, to share product data, and automate associated 
processes via workflow technology. All these tools contribute to the coordination of 
elementary activities. However, the collaborative aspects of projects are not sufficiently 
taken into account by these tools. They act, for example, on "what, when, who, for what", 
but they do not define how actors work: are they in synchronous or asynchronous mode, 
present or distant, with what degree of formality? In fact CSCW and PLM tools do not 
address the operational functionalities for project managers which would allow them to 
coordinate and control collaborative design processes. 
All these tools support asynchronous and distant collaboration thanks to various 
technological functions. However these technical functions merely support and do not 
manage or foster collaboration in design. 
Before trying to manage and foster collaboration it is essential to analyse it. For that, it is 
interesting for project managers to know the real and detailed sequence of events occurring 
during projects with an accurate understanding of what happened between actors, in terms 
of collaboration i. e. inter-relationship. 
Indeed, a detailed analysis of such collaboration might help project managers to identify the 
"good practices"t and thus a favourable "collaborative prescription" to prescribe the 
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persons, where, when and how for each design situation. 11is correlation between problems 
in design and collaboration could only be made if it were based on a finely detailed 
analysis. Project managers can then make decisions with assurance during the design 
process based on "good practices" previously identified. T'hus decisions in design will be 
influenced by collaboration aspects and not only by technical factors. Moreover, this 
analysis of collaboration allows a better understanding of the design problems occurring 
during the project since design problems can not only be due to technical deficiencies but 
also to problems in collaboration. The identification and the understanding of such mistakes 
would allow project managers to avoid making the same mistake again and also allow them 
to make forecasts about the management of future design activities. The forecasts would 
also concern the coordination of the design process. Indeed, project managers can adapt the 
design processes to the company and to the actors involved in a project. 
In this analysis the impact of various factors on collaboration like: organisational. structure 
of the company, design processes, project management, information flows, coordination, 
cooperation, knowledge management, IT system is studied. Before now, forecasting the 
appropriate situation in which to collaborate has depended on the know-how, experience, 
expertise and skills of project managers to analyse and evaluate the collaboration between 
actors during design activities. In this research, a model of collaboration has been 
implemented to help project managers to analyse the collaboration. Two sorts of criteria are 
defined: quantitative criteria and qualitative criteria. These criteria define the form of the 
collaboration occurring during the event. For example quantitative criteria show if the 
collaboration is synchronous or asynchronous, present or distant, forced or free, formalised 
or un-formalised... And the qualitative criteria 
' 
allow the evaluation of e. g. efficiency 
factor, effectiveness measure, satisfaction measure, consensus, and usability measure 
[Hengst, et al. 2006]. All these criteria are associated with the context of the project, in 
order to have not only a detailed view of the collaboration but also a global view of the 
environment of the collaboration. 
Project managers can improve the coordination of the design process through a detailed 
analysis of collaboration. This analysis is assisted by the record of the collaborative events 
occurring during the design process, the definition of a model of these collaborative events 
and by recommendations to transform information recorded on collaboration into 
knowledge for project managers. 
Thus the deliverables of this thesis are both theoretical and practical. 
In the theoretical area, this research presents firstly, a method of formalising and structuring 
coordination in SMEs. Secondly, conceptual models of collaboration aspects are 
implemented in order to represent collaboration and to support its analysis in the company. 
This model of collaboration incorporates the main factors which influence collaborative 
events and the links between them. 
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In the practical domain, a tool named "CoCa" is developed to help the analysis of 
collaboration in design. An industrial case study in an SME allows the testing of this tool in 
the industrial context and thus validates the theoretical model of collaboration. 'Me research 
programme is orientated toward to collaboration aspects and based on previous work done on 
coordination in SMEs to lead to the analysis of the collaboration to improve various project 
coordination aspects. 
1.3 Thesis plan 
This thesis is composed of seven further Chapters which are described below: 
Chapter 2: Research methodology 
This Chapter describes the research methodology used in the study. The first part is a 
description of the research method based on a theoretical approach coupled with a 
participant observation in an industrial case study. The second part exposes the main steps 
achieved in the thesis to reach the objectives. And in last part of Chapter 2, the industrial 
case study environment is described. It was carried out in an engineering SME located in 
the South West of France named Ederena. 
Chapter 3: Literature review 
The literature review Chapter examines the main subjects set out in this thesis. In a design 
project, these topics are essential to manage it successfully. This literature review 
introduces the necessary detailed state of art on the main topics tackled in this thesis for a 
better understanding. The main key words are: design, collaboration, SMEs, innovation, 
organisation structure of the company, knowledge management, and IT tool which supports 
the collaboration and the coordination. 
Chapter 4: Models of coordination and collaboration 
The aim of the Chapter 4 is to demonstrate that models can be used to assist project 
managers in their work of coordination of design projects in SMEs. The definition of these 
models is supported by an industrial case study in an SME and illustrated by various 
examples in order to make a link between theory and reality in SMEs. Firstly, a 
coordination model is defined, specifically aimed at helping project managers in their work 
in SMEs. This model formalises all the concepts and information needed by the project 
managers through class diagrams that explain what information has to be stored and 
managed. The use of the model in a company and its limitations are detailed and these 
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mainly concern the low inputs of collaboration aspects in the model of coordination. 
'I'lierefore, secondly, a model describing collaboration is introduced specifically for the 
analysis of collaboration in design activities in order to fill the lack of collaboration aspects 
in the coordination model. This model of collaboration characterises the collaborative 
mechanisms in design activities. Indeed, it represents the design activities with 
collaboration inputs and it leads towards the collaboration analysis. 
Chapter 5: Tool "CoCall: development and use in Ederena, 
This Chapter is focused on the CoCa tool. It will explain how theoretical models can lead to 
a tool and why class diagrams are provided before the implementation. The aim of CoCa is 
to help the analysis of the collaboration occurring in SMEs design projects. CoCa records 
the collaborative events in detail that occur in design projects by collecting such data as: 
projects, events, and collaborative criteria (time, location, tools, methods, level of 
formalisation ... ). These records provide the right data to the analyst, in order to analyse the 
collaboration. This analysis allows the identification of deficiencies in collaboration and in 
design events in order to improve design coordination. 
Chapter 6: Results for collaboration analysis and coordination improvements 
This Chapter describes the results achieved in this research work and makes the link with 
the research and industrial objectives. These results begin with the definition of the 
environment to coordinate projects, indeed the definition of an organisational structure and 
the processes to support the coordination of projects. On one hand, the possible tools like 
PDM and PLM are studied and tested to manage the environment defined previously. On 
the other hand, the analyses of the collaborative practices are explained. These two last 
results form the basis for the definition of possible improvements for design coordination. 
Chapter 7: Discussion 
This Chapter sets out to draw comments on the results during this thesis in terms of 
synthesis, discussion and possible improvements. This approach is essential to stand back 
from these results and to propose new perspectives and evolutions. This discussion deals 
with the CoCa tool, the analysis of the collaboration, the coordination in design projects 
and the tools to support the coordination and the collaboration in design like PLM tools. 
Chapter 8: Conclusions, contributions and implications for further work 
This Chapter presents the main conclusions of the study. It shows how the research 
objectives were met and presents areas for future research. 
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In this thesis plan, we have a closed-loop approach. At the beginning it was shown that the 
present PDM tools are not capable enough to manage projects and the coordination models 
used are not mature. Moreover, the collaboration aspects are not completely integrated in 
the management of projects. Thus, improved coordination and collaboration models are 
proposed which lead to the implementation of a tool "CoCa" in order to support the 
analysis of the collaboration. This analysis of the collaboration allows the definition of 
guidelines and strives for an improved project management. And finally, the loop is closed 
back on the PLM tools where the approach to managing projects with these tools is 
explained and an example is described along with the necessary functionalities. 
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This Chapter presents the methodology used in the research. Yhefirst part is a description 
of the research method based on a theoretical approach coupled with observation as a 
participant in an industrial case study. Yhe secondpart presents the main steps achieved to 
reach the objectives of research. And the last part introduces the industrial company where 
the study was carried out:, Ederena. Moreover, a description of the Ederena's problems 
and objectives linked with the research objectives is given. 
2.1 Method of work 
The design process is considered in this thesis as a collective and social process of new 
product creation. Before presenting the industrial case study, it is important to present the 
research methodology since the results presented here are strongly linked to the 
methodological premises of this thesis. This study, based on intervention research [Boujut 
and Tiger 2002] and participant observation [Hates 1987], has been carried out in an 
innovative SMIE: Ederena. The company wants to improve the coordination of projects, and 
the research objective is to improve the coordination of projects by the analysis of the 
collaboration between actors. 
Ethnographic studies are grounded on anthropology and are widely used in industrial 
sociology. This method of observation has contributed significantly to the description and 
understanding of how various groups or societies work and in particular it is intended to 
apply it in this research to the "designers' society". Ethnography mainly relies upon direct 
observation and total immersion of the researcher in a given environment. The researcher 
gains a deep insight into the situation since he lives among the natives. Ile recorded 
information includes data (i. e. subjective data, informal exchanges, the implicit aspects of 
decisions, design choices ... ) that are drawn from direct observations and non-structured 
interviews. All this "raw material" is collected in diaries, and analysed during systematic 
meetings with the research team and formalised in internal reports. The researcher's 
interpretation is the richness of the method when properly analysed by means of a reflective 
analysis [Sch6n 1983]. 
In the steps of [Buccarelli 1988] who was one of the first researchers to carry out this type 
of study, this research is based on an ethnographic style, spending long periods of time in 
companies, involved in design projects as full time participants. In this particular case, the 
thesis work started in a company: Ederena Concept where the author was involved as an 
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engineer in a development project. "Empirical studies not only describe characteristics and 
their co-occurrence with successful (or unsuccessful) project outcome. but attempt to 
explain the observed links in order to allow the development of effective recommendations 
for designers" [Baumgdrtner and Blessing 200 1 ]. 
In fact, this work shares the action research position with the social sciences, the main 
difference between this work and the social sciences lies in the outcome of the research. 
Although the story of a specific innovative process is related. the relevant literature is relied 
on to provide a general characterisation of the important factors underpinning innovation. 
The general method of this research begins with an ethnographical case study in Ederena 
Concept, and also uses in parallel a classic method (problem definition, literature survey, 
characterisation of solutions, solutions modelling, tools implementation. test in use and 
improvements). The aim of this type of method is to work in a company to link the research 
work to industrial requirements. This method is represented in Figure 1. 
In terms of formalism, three formalisms are used in this thesis: 
- IDEFO: For a global description of a process or activities. IDETO is useful to 
represent concepts by arrows, boxes at various level of description. 
- UML (Unified Modelling Language): the UML formalism [Booch. et al. 1999] is 
an oriented object formalism used in order to define the specifications of software and 
to prepare its implementation. In this study, UML is used for the implementation of 
the CoCa tool by modelling class diagrams. use case diagrams, activity diagrams, 
state/transition diagrams, and entity/relation diagrams. Moreover, the class diagram 
formalism is also used at a conceptual level to represent scientific concepts of 
collaboration and coordination which must be managed by project managers. 
- Edercna fon-nalism: a specific formalism is used in this thesis when the concept 
comes from a work carried out in Ederena. This internal formalism is commonly used 
and understood by the actors in the company and it is the form taken by the 
"materials" collected during the observation step. 
The use of a case study all through the research work and the use of the UML formalism 
have already been applied in other projects such as the IPPOP project and in other research 
contexts [Eynard, et al. 2004]. 
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2.2 The research approach 
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Figure 1: General approach of the research 
Figure I shows the general approach of this thesis; it is a mix of a classical research work 
and a case study observation. As can be seen, during the five last steps (2,3,4,5 and 6) 
another parallel step "observation" represents the industrial case study. This step 
"observation" connects the research work to industrial concerns. This method is a specific 
method used for this thesis. Moreover, "CoCa" is the name given to the too] implemented 
in this research work. CoCa is based on theoretical models and is used to help the analysis 
of collaboration by analysts in design projects. 
2.2.1 Step 0: Problem definition 
This step is focused on the research field of "coordination and collaboration in design". 
More precisely, the study is oriented towards "how design coordination can be improved by 
analysing collaboration between actors". At the beginning a global subject was defined; 
dealing with collaboration in design. This subject has been refined with restrictions, 
problem, context definition, and deliverables according to current problems in design. 
Thus, the context of the work is now defined as "the collaboration in design in innovative 
SMEs". After a short study in this field, it was noticed that companies are mainly 
concerned about cost, quality, and lead-time. To control these concerns the coordination of 
design processes is necessary, but in this design coordination, collaborative aspects such as 
relations between actors, document transfers, organisation of the structure, design 
processes, and project management are important. Consequently, the problem of the 
research work is defined as: 
How the analysis of the collaboration by project managers can be supported in order to 
improve the design coordination during projects in innovative SMEs? 
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This problem is the starting point of the study and implies many other questions, such as, 
for example, the following: 
- What brings collaboration to design? 
- Is it possible to define what a "good" collaboration is? And how it can be 
assessed? 
- What are the factors which influence the collaborative situations? 
- Can categories of guidelines be identified for project managers to improve the 
coordination of design projects thanks to an adequate form of collaboration? 
All these questions are developed in the Chapters that follow. Before answering them; it is 
important to make a complete literature survey on the subject, in order to build a detailed 
state of art of what the existing problems are and where they are. 
2.2.2 Step 1: Bibliography 
A literature survey is indispensable to position the work in the field of research and to know 
what has already been done. At the beginning of the research this work is an onerous but 
profitable task to see what is already done on the subject and it continues throughout the 
project, with less effort, to be aware of the latest work done in the topic. So, it can be seen 
that work on reviewing the published literature has been made during the whole research 
progress. 
The literature survey is focused on collaboration in order to define what the forms of 
collaboration are, what the necessary factors are to be used to analyse collaboration. Ilen, 
the literature survey deals with the context of research with questions like what design is, 
what the individual characteristics of SMEs are, with an extra study for innovative SMEs. 
And finally a part of the literature survey sets out to define the factors influencing 
collaboration in design such as the organisational structure of the company, the 
coordination of design processes, the information disclosed during informal design 
activities such as coffee breaks... 
Moreover, a part of this literature survey deals with the measurement of collaboration 
between actors for the purpose of evaluation. The goal is to help project managers to 
analyse collaboration in order to improve the coordination of the design processes, and with 
that in view, project managers have to measure the "quality" of the collaboration used 
during design. For a long time this assessment was done by project managers based on their 
experience and know-how, but in the literature models of collaboration can be found which 
help to define "forms" of collaboration, criteria to characterise it and indicators to measure 
its quality. 
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2.2.3 Step 7: Observation 
This step "observation" corresponds to the industrial case study in an innovative SME 
named Ederena. This case study ensures the link between the theoretical work and the 
industrial reality. Moreover, this study corresponds exactly to the research context; indeed, 
it is an SNIE of 40 employees where innovation is the main concern. 
This step 7 takes place in conjunction with steps 2,3,4 and 5 in order to remain in contact 
with the industrial field and compare the results of the research to the industrial context. 
This industrial observation in an innovative SME is an adequate place to correct, test and 
validate research results such as the theoretical model of collaboration, the tool to help the 
analysis of the collaboration and gather ideas to enrich theoretical reflection. 
2.2.4 Step 2: Characterisation 
This step of characterisation is based on the step "problem definition" and expresses 
preliminary ideas and direction of solutions. Before finding an answer to the problem of 
how project managers can improve coordination of the design process through 
consideration of collaboration, it is necessary to know exactly what collaboration is. So, 
this step attempts to define what the collaboration between actors in design is. 
Collaboration is defined in the thesis when actors combine efforts to reach a consensual 
goal and is a complex combination of coordination and cooperation processes. 
In this step, the global factors influencing collaboration are defined such as, for example, 
the organisational structure of the company, the information flows, the design processes, 
the form of project management, the cooperation between actors and the design tools and 
methods. All this work of "characterisation" is the support for the next step "modelling" 
which aims to define a model of collaboration. 
2.2.5 Step 3: Modelling 
The step "bibliography" aims to describe the existing models of coordination and 
collaboration in design. These existing theoretical models are based on engineering design 
research ideas such as the GRAI method, from research projects like IPPOP (Integration of 
Product - Process - Organisation for engineering Performance improvement) [LAPS 
2005], or concepts taken from sociological fields such as the model of collaboration 
proposed by [Hoc 2001 ]. The outcome of this study is to understand previous work done on 
coordination/collaboration in design, which inspired this research work and find limitations 
in these previous methods related to the specific context of this PhD subject. 
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Thus, a model of collaboration in design in SMEs is proposed. The modelling of the model 
can be divided into three main steps: 
- First, a conceptual model is defined to represent the main concepts involved in 
this research work and the link between them. 
- Second, criteria of collaboration are defined to characterise and help the analysis 
of the collaboration. 
- Third, the two last steps are used to merge the conceptual model with the criteria 
to obtain a final model representing collaboration in design. 
All these models are presented and explained in Chapter 4 "Models of coordination and 
collaboration". These models are the basis for the implementation of a tool named "CoCa" 
(which stands for Collaboration Capture) whose goal is to help the analysis of the 
collaboration in design. 
2.2.6 Step 4: CoCa implementation 
A model of collaboration is not sufficient to help project managers to analyse the 
collaboration in a concrete sense, i. e. during projects in their companies. For this reason, a 
tool (CoCa) is implemented on the basis of the previous model of collaboration. However, 
the theoretical model is defined to understand the main concepts and their relationships 
rather than for the purpose of developing a tool. Therefore, a new class diagram (in 
Appendix A) must be obtained to take into account all the concepts of the theoretical model 
and to represent the IT classes for the implementation i. e. all the necessary classes for the 
management of the data related to the database, for the Human Machine Interface (HMI) 
and for the operational management of data. So it is also necessary to make corresponding 
use case diagrams, activity diagrams, and class diagrams. Ile chosen approach also leads 
to the formalisation of traditional entity-relation diagrams to describe the structure of the 
database and finally GUI forms to characterise the HMI. Nearly all these diagrams are 
represented with the UML formalism and are explained in detail in Chapter 5. 
The tool records, organises and displays information on the collaboration occurring 
throughout project events. This information included in the model and the tool is chosen to 
help project managers to analyse the collaboration used during their projects. Then, with 
this analysis, project managers can make forecasts on the form of collaboration to use for 
the next event or to understand what collaboration mistakes occurred during design 
activities. 
All the diagrams and the approach to implementation of the tool are explained in detail in 
Chapter 5 "CoCa Tool". 
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2.2.7 Step 5: Test in use 
After the definition of a model of collaboration, and the implementation of a tool, it is 
necessary to test this tool in an industrial context in order to improve and validate the tool 
and the models. The tool ought to be tested on many case studies but in this thesis work 
only one industrial case study is carried out, other case studies could be carried out to 
improve the results achieved. The industrial case study is carried out in the SME partner 
Ederena. In this step "Test in use". the models and tool are offered to the project managers 
with the aim of using the tool during projects. With the tool, all collaborative events 
occurring throughout projects are recorded with criteria describing the collaboration and the 
quality of the collaboration. The goal is to demonstrate that this tool helps project managers 
to analyse collaboration. 
First, collaborative projects are selected in the projects portfolio of the company. These 
projects are often large and always include various multidisciplinary actors. After that, 
these projects are "followed" and the tool is used to capture information on the 
collaboration. During this 'test in use' step the definition of criteria is refined, qualitative 
criteria of the collaboration are added and useless criteria removed. Consequently, based on 
the analysis of the collaboration, the project manager can try to improve the design 
coordination of projects. At the end of the step, it is demonstrated that the analysis of the 
collaboration is effectively possible, improvements on the model and on the tool are put 
forward and the possible improvements in coordination are exposed. 
2.2.8 Step 6: CoCa improvements and Collaboration study 
In this step 6 the results of the previous step "test in use" are analysed and improvements 
are proposed. The improvements are focused on practical level (step 6.1) and theoretical 
level (step 6.2). 
On one hand, the improvements at a practical level concern the tool implementation in 
terms of GUI forms, charts, or figures to drive the analysis. The practical improvements 
will also propose new advice about the use of the tool in an industrial environment in order 
to limit the problems encountered during the "test in use". 
On the other hand, the improvements at a theoretical level concern the coordination and 
collaboration models. After the step 5 "Test in use" it will be possible to have feedback on 
the models defined in the step 3 "Modelling" in order to introduce new concepts not 
initially developed. The theoretical improvements will also deal with the methodology to 
analyse collaboration with CoCa, thus it will be possible to describe the approach for 
analysing collaboration with CoCa data. Finally, the possible improvements are concerned 
with the various ways to improve the coordination of projects according to the analysis of 
the collaboration made by CoCa results. 
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Nevertheless, all the possible improvements will not be able to be implemented within this 
work, thus from these improvements it will be possible to propose openings for further 
work for post-graduate study or for a new PhD project. 
2.3 Case study presentation: "Ederena Concept" 
As already stated an industrial case study in an SME has been carried out to test and 
validate the research work. 
2.3.1 Ederena's products 
Some years ago this company developed a new means of manufacturing structures using 
aluminium honeycomb sub-assemblies and bonded sandwich structures with glue for 
assembly (Figure 2). This innovation confers lightness and significant vibration absorption 
on products whilst maintaining similar rigidity to steel. 
bonded sandwich structures 
aluminium honeycomb composite Z/ 
Glue 
Figure 2: Concept of Ederena's products 
The company has captured several markets with products manufactured using this 
technology. Thus, Ederena works mainly for large companies which are leaders in their 
field. It manufactures products such as: milling machine tables, structural panels for urban 
furniture or partitions for transport vehicles (Figure 3). 
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structural panels 
milling machine tables 
Figure 3: The main products of Ederena 
The company designs three types of product: 
- "Re-design" product for 80%. Most of the products are designed in "re-design" 
where the main elements are known but need to be checked, validated or studied with 
new parameters as dimensions, type of glue, new materials... 
- "Similar" product for 15%. A similar product is completely defined (quotation, 
suppliers, tools definition ... ) with the elements from the costumer's request and by 
analogy with a previous well known product. 
- "Innovative" product for 5%. An innovative product requires making a full design 
process in order to define all the new elements and to validate the elements already 
known. 
2.3.2 Design activity and product development process 
In the initial state of the study in Ederena the projects were managed by one person called 
the "charg6 d'affaire". This person was in charge of the entire design of the tool: from the 
first quotation to define the price of the product until the manufacturing in mass production. 
The main phases of the design process are: feasibility, design, prototype and production. 
- Feasibility: the tender invitation from the customer is studied by tile "charg6 
d'affaire" in order to see if the product can be produced in terms of design, 
manufacturing and quality. At the end of this phase a financial quotation is proposed 
to the customer. 
- Design: a preliminary and detailed design is carried out by the "charg6 d'affaire" 
in order to propose a prototype. 
- Prototype: the prototype is manufactured, tested, modified and validated. 
- Production: the product enters in the "mass production" state. This phase is 
carried out by the workshop and controlled by the quality department. 
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Thus, the "charg6 d'affaire" has official contacts with the marketing person at the 
beginning, and with the workshop at the end of the design process for the launching of the 
product. Between these two phases he is the only person responsive of the product design. 
Nevertheless, during the design process, he has a lot of informal collaboration with other 
designers to help him on difficult aspects. All these informal relationships are very difficult 
to manage in terms of lead-time, workload, resources, and collaboration. 
Moreover, the type of product has an influence on the design process. We have seen earlier 
in section 2.3.1 that the products are either "re-design", "innovative", or "similar" products. 
In Ederena, six criteria are used to differentiate the "similae' and "re-design" products. 
These criteria are: 
1. One dimension affected by safe loading is changed 
2. Use of new material or new pairing of glue/material (epoxy, carbon, stainless 
steel... ) 
3. At least one manufacturing process is changed (new process to glue, or to machine 
materials) 
4. One tool is changed 
S. One supplier is changed (to machine carbon for example) 
6. The quality control is different 
If none of these criteria are met then the product is a similar product and the design process 
is the same as a previous well known product. A quick validation of the main steps is 
required but the results of each activity of the design process are easily achieved by 
comparison with previous products. 
If at least one of these criteria is met then the product is a "re-design" product and the 
design process needs to be followed completely in order to check, test, modify, and validate 
each step of the design process. Of course, the more criteria are met the more the design 
process will be longer and difficult io carry out. 
Examl2le from the industrial case atudy- 
If the material and glue are the same as a similar product then, in the detailed 
design the test to the fatigue and to the fire will be the same as the similar 
product. Thus, this activity will be quickly defined and validated. 
Nevertheless, if the process to glue the part changes then the designer must 
verify that this new process of gluing has no impact on the resistance to 
fatigue or that the resistance remains acceptable within the specifications. 
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When no comparison is possible with an existing product because a new technology is used 
or because the company addresses a new kind of product or market, then the product is 
innovative. As a consequence the process is more complex with additional tasks of 
experiments, tests, validation... and more expert knowledge is necessary. The design is 
then more collective inside of Ederena and may also involve external specialists. 
2.3.3 Problems of the company 
The activity of Ederena is closely linked with an innovative technology. On the one hand, 
its expansion is very important, recently: the workforce has grown from twenty to forty 
people in three years. 
On the other hand, the company is orientated toward markets which require important 
investments and a rapid increase of the workforce. Thus it is essential for the company to 
manage such evolution and to anticipate its future growth. 
In this context, problems of organisation, project management, lead time and relationships 
with suppliers, customers, and subcontractors come into play. 
Thus, the main objectives of Ederena are to reduce its lead time, the adaptation time for the 
new employees and to improve the relationship between actors. Tberefore, the company 
wants to rationalise its product development processes and introduce flexibility in these 
processes in order to become reactive faced with the unpredictable nature of the design 
situations and to manage projects with a project manager and a project team. 
Various actions were carried out to achieve these objectives: 
- Ederena must re-organise its structure and formalise the departments, the 
functions, the actors and the relations between them. This re-organisation is linked to 
the theoretical model of coordination (in Chapter 4). 
- Based on this re-organisation, Ederena defines rules of coordination on the 
organisation, the design processes and on the project management. Then, Ederena 
tests a PDM tool to support this new way of data and project management. 
Nevertheless, the use of a PDM tool leads to problems of inflexibility. Indeed, these 
tools formalise and structure the management of data. Nevertheless, this formalism is 
sometimes defined without enough flexibility to be reactive in the face of design 
project changes and to foster collaboration between actors. 
- Thus the CoCa tool is tested in use in order to analyse the collaboration and to 
improve the coordination of projects by introducing flexibility in the design 
processes. 
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2.3.4 Approach of the industrial study 
In this case study, the approach is based on action-research and reflective analysis. A 
workgroup was created and different steps were defined: firstly, an analysis step based on 
interviews and observations; and secondly modelling steps leading to an implementation 
step based on a PLM system. The objective of the interventions in the case study was to 
participate in this workgroup by introducing an external point of view and by defining 
together the new product development environment: organisation, design process, 
collaboration and information structuring. These interventions lead to the analysis of the 
collaboration aspects in Design projects in order to improve Design Coordination. 
Fully involved in the projects, the author of this study interviewed every actor during the 
project in order to analyse their way of working. He participated in all meetings. The head 
of the technical department came from the research field, so he was very concerned with 
this study and helped to test the results of this study from an industrial point of view. 
Moreover, the head of the company is also very interested in this study, he understood very 
well the potential benefits of this sort of study. During the study in Ederena, the head of the 
company and the head of the technical department made a lot of feedback to give their 
point of view on both the theoretical and practical aspects. 
2.4 Conclusion 
In this Chapter 2 the main steps of the research methodology have been explained. The 
description of the methodology followed during the thesis is important for understanding 
the links between the proposed objectives and the results achieved. 
The methodology used in this thesis begins with the definition of the problem and a 
literature survey on the context of research. Based on these two first steps, concepts are 
characterised and modelled; a tool is implemented to support the management of these 
concepts. Consequently, the characterisation, the modelling and the tool are tested in the 
industrial context. All through the evolution of the study, the observation of the case study 
supports the work of research by keeping a contact with the industrial context. Finally the 
last steps of the methodology are focused on improvements (on the theoretical work carried 
out as well as on the tool implemented) and on the analysis of the collaboration in design 
project to improve the coordination. 
In this Chapter the presentation of the industrial case study has been made in order to 
explain the context of research work which is linked with the practical and industrial field. 
This case study in Ederena will be referred to in the other following Chapters. 
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The next Chapter 3 describes the literature review associated with this research field. In the 
sections of the literature review, the main keywords are explained namely: collaboration, 
coordination, design, SMEs, innovation, design processes, organisation structure and the 
information flows. 
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Yhis thesis work takes place in the specific context of design in innovative SAEs. Yhe 
objective of this research is to support the analysis of the collaboration in design projects. 
This analysis leads to improvements of various coordination aspects of project design 
management e. g. more detailedformalisation of design processes, introduction offlexibility 
in the design processes, and improvement ofproject manager skills. 
Thus in this Chapter three main aspects are explained: 
Firstly, the specific context of the study is presented with the definition of the main notions: 
design, innovation and SMEs. 
The second section explains the notion of collaboration in design. The word 
"collaboration" has various definitions according to the situation; this section aims to 
define precisely what the notion "collaboration" means in this thesis. 
The third section deals with coordination and describes coordination mechanisms with 
models and the use ofdesign processes to coordinate projects with a project manager. 
And the last section gives an overview on the information systems which support 
collaboration and coordination in design. This overview will explain the role of the tool 
(CoCa) in this thesis. 
3.1 Design and innovation in SMEs 
One of the main characteristics of design is its unpredictability, where any design situation 
can change at anytime. Thus, design projects must be coordinated to manage them as well 
as possible and to adapt the prescribed organisation and process according to these changes. 
However, nowadays, design involves more and more partners in product development, and 
these partners have to collaborate together in order to complete the design project 
successfully. Tberefore, projects cannot be managed with only scheduling aspects: 
structuring phases, defining tasks, milestones, and deliverables. Project managers have to 
take also into account the human aspects in this context of collaborative design. 
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Thus, before going further it is important to know what "design" is, and what definition of 
"design" is used in this study. Moreover, the notion of "innovation" is introduced with the 
relation between flexibility, processes and actors. Finally, the study is for SMEs, thus we 
will see throughout this Chapter the differences between SMEs and large companies in 
order to identify the main characteristics of the SMEs. 
3.1.1 Design 
This study of collaboration is carried out in the design field, but what is design? 
Firstly a definition of design from the literature is provided. Next, "design" could be 
classified into various kinds of design like routine, innovative, and creative design. Many 
authors try to divide design into processes, activities and tasks to formalise it, a variety of 
representations emerge from these works like the [Pahl and Beitz 1996] model. Finally to 
reach the design objectives, methods are defined in design; and a mapping of the various 
kinds of design methods is presented at the end of the section to focus the context of this 
thesis work. 
3.1.1.1 Definitions 
According to [Pahl and Beitz 1996] design is an engineering activity that: 
Affects almost all areas of human life, 
Uses the laws and insights of science, 
Builds upon special experience, 
Provides the prerequisites for the physical realisation of solution ideas. 
During the 80s, these authors [Pahl and Beitz 1984] were pioneers in the formalisation of 
the design process as a succession of steps. This formalisation is not really used nowadays 
in industry because it is too sequential an approach, but it was the first model which has 
inspired many other authors to model the design processes. 
[Winograd 1996] defines design as a work in creating the individual pieces and 
relationships that make up the whole. Systematic approaches and methods could be 
applicable to the design process, but there are no existing effective equivalents to the 
rationalised generative theories applied in mathematics and in traditional engineering. 
Design is a conscious activity still influenced by intuition, tacit knowledge, and gut 
reaction. 
Human concerns are the centre of design. Design activities and engineering tasks deal with 
the management of tradeoffs. Most of the time, the tradeoffs in classical engineering 
activities can be quantified like material strength, cost weight, dimension... Whereas in 
design processes the tradeoffs between actors are more difficult to identify and to assess. 
Designers are considered at the same time as a resource for the design process, but also as 
autonomous actors, who can learn, take decisions, and create the design process. 
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- Design is creative: Many books have dealt with a systematic approach for design, 
in particular for the emergence of new ideas and finding best solutions [Tbompson 
and L6pez-Mesa 2003]. 
- Design is communication: When designers construct a product for human use, 
communication creates a shared framework. This framework is essential to support 
the collaboration between actors. 
- Design is a social activity: Concentrating on the activity of an individual designer, 
it can mistakenly be assumed that the overall quality of design is primarily a result of 
the qualities and activities of the creative individual. As Karsenty points out, the 
designer operates in a larger setting, which is both facilitated and constrained by 
interactions with other people [Karsenty 2000]. 
Donald Norman [Norman 2002] describes how design in large organisations is shaped by 
factors and forces that transcend the considerations of an individual designer. He defines 
two levels within an organisation which constrain the space of possible designs: the explicit 
level of working with the different goals and needs of each team in a large organisation, 
and the tacit effect of an organisation's unique culture. According to [Legardeur, et al. 
2004a], the notion of tacit knowledge is knowledge well known by actors without any 
official description or definition. The notion of "informal" is used to define the relationship 
between actors when they collaborate without any rigid framework or rules which orient 
their way of collaboration. These definitions of tacit and informal will be used all through 
this thesis work. 
Moreover, various techniques such as participatory design enlist actors directly in the 
design process and participate to the social aspects of design [Schuler and Namioka 1993]. 
Thus, "Design" is not only a formalisation of processes but is also a human activity where 
designers collaborate in a formal as well as informal way. All these definitions of "Design" 
argue that the collaboration must be taken into account in design and thus justify the need 
to develop methods and tools to support and analyse the collaboration in design. 
3.1.1.2 History of design management 
Before the 20ýh century, the main objective of the design management was to manage 
product flow in accordance with the desired result [Tarondeau 1993]. In the early 20'h 
century, companies wanted to manufacture in mass, the demand exceeded supply, and the 
objective was to produce as cheaply as possible. With the work of Frederick Taylor (1911), 
then Ford (1913), the way of working became scientific, based on the decomposition of the 
manufacturing process into sub-systems, the analysis of the elementary operations and the 
work stations in order to reduce costs and increase productivity. In this industrial context, 
design had a minor place. Moreover, it was easier to work on the physical flow than on the 
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information flow. Thus, in this period, the main efforts to assist actors in their work were 
almost completely focused on the manufacturing device. 
From 1960, the balance between supply and demand became stable, and forced companies 
to incorporate market fluctuations in their strategy: companies had to manufacture what 
they could sell (regulate production) on a divided market and to increase the quality of the 
product with delivered services [Perrin 1999]. The product life-cycles were reduced but the 
principles of Taylorism were still used. Following that, programmes of process re- 
engineering and investment in information systems emerge in the industrial environment in 
order to improve the performance of the system of production [Kleinhans 1999]. 
The system implemented in the Toyota company between 1945 and 1975 by Taiichi Ohno 
[Ohno 1989] changed the previous production principles which were then exported to 
western companies. Based on these simple Ohno principles (identifying what must be 
managed, the initial need, reversal thinking to find the causes and use human capacities), 
various techniques were implemented to manage production as well as possible. 'Me 
"Kaizen" principle [Imai 1989] develops a continual improvement process in order to 
improve the production system in accordance with the changing company environment. 
From 1980 the industrial strategy becomes the most important driver for the company and 
models and methods generated in various adjacent fields like: marketing strategy, the 
analysis of processes and organisational structure. In manufacturing, the priorities concern 
costs, quality, flexibility and lead-time [Hayes and Wheelwright 1984]. This context 
evolved progressively towards studies carried out in social and human sciences which 
modifies the relations in the actors' way of working and in design management [Eccles and 
Nohria 1992]. 
Moreover, various models of design systems emerge; for example the work of [Doumeingts 
1984] with the GRAI method, proposes a model of production system modelling and 
management. [Hughes, et al. 1990] propose a generic model of activities in manufacturing 
management according to the competitive priorities. The method GIM (GRAI Integrated 
Method) builds a system to drive design [Doumeingts and Ducq 2001] thanks to the GRAI 
method. [Williams 1994] puts forward another methodology named PERA (Purdue 
Enterprise Reference Architecture) based on the description of life-cycles in the design 
system, of activities carried out by actors and involvement of human factors in the design 
process. For each state of the life-cycle, various views emerge: the information system, 
organisational structure, equipment, and the human resources. 
The research project IPPOP [Girard, et al. 2002] sets out to provide software to support 
design management with the integration of the three aspects "product". "process" and 
"organisation". An objective of the IPPOP project is to define the design process in order to 
understand and manage it. This project proposes new perspectives in design management 
by the integration of these three aspects in the phases of analysis, evaluation, and 
modelling. 
Recently, new preoccupations have been generated in design management namely the 
involvement of the human factors in design and the role of the information system in design 
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management [Crowder, et al. 2003]. Thus all these definitions of what is design 
management lead to the necessity to take into account the collaboration aspects into the 
coordination of projects. Moreover, the integration of information systems must also be 
adapted to the forms of collaboration used by actors during projects. 
3.1.1.3 Various kinds of design 
A design classification is generally used by many authors and is systematically used in 
various design fields bringing out three main classes: "Routine Design", "Innovative 
Design" or "Creative Design" (Figure 4). 
Design 
Routine Design Innovative Creative Design Design 
New product for 
new Market 
Complementary Substitute Re-Design 
Product Product Product 
the Company 
Figure 4: Type of design and nature of products 
- Routine design: 
In this form of design, all the knowledge used is entirely available and identified. 
Moreover, the design strategies are mainly known in advance by the designer. In this case, 
the designer's role lies in the justification of his choices, to select one solution and not 
another one, and in other cases to improve or modify previous solutions which verify a set 
of predefined constraints. Routine design allows only modifications on the parameters of 
the product. So, in routine design the "re-design" represents approximately 80% of 
mechanical design activities [Vargas 1995], [Sellini 1999]. In Ederena, the products are 
mainly "re-design" products and a few "innovative" products when the product is new for 
the company and for the market. As we have seen in the section 2.3.2, for the company a 
product can be either a re-design product, an innovative, or a similar one. For each type of 
product the design process is more or less complex. For a similar product the design 
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process is already known in advance. For the "re-design" products each activity and phase 
of the design process needs to be studied in order to evaluate the impacts of the 
modifications. For an innovative product the design process need to be studied in detail in 
order to define all the new elements. 
In this design context, the potential solution space is known in advance (the characteristics 
and attributes of the solution), but the search for a specific solution can become complex 
faced with the large solution space [Van - 
Overveld and lvashkov 2003]. These solution 
spaces can be represented by models. The most widely known is a model put forward by 
[Gero 2001 ] which represents routine design space in relation to the creative and innovative 
design space (Figure 5). Many modelling systems exist for defining design processes: 
IDEFO [NIST 19931, IDEF3 [Mayer, et al. 1995], Petri Nets [Belhe and Kusiak 1997]. 
Solution space for 
.......... .. . 
creative design 
....... . . 
Solution space for 
innovative design 
Solution space for 
routine design 
Figure 5: Solution space for routine, innovative and creative design 
- Innovative design : 
The knowledge of innovation on a product is often related to a need expressed by clients 
and yet to be satisfied. During an innovative project, the designer has more autonomy in his 
work and a larger space of solution as shown in previous Figure 5. However, to explore this 
solution space; designers become involved in an important and risky activity of research 
and development. The result of an innovative design stems from an inventive idea 
manufactured to a real marketed product. 
- Creative design : 
Creative design [Cross and Dorst 2001] deals with an unknown product where all the 
knowledge relative to the product and to the processes has to be specified. In this form of 
design, designers have to compile the specifications to define new functions and new 
parameters of the product. In creative design projects, new ideas and new technology 
emerge. Thus, the creation of a new product calls upon intuition and imagination. 
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Nevertheless, the space of possible solutions is an extension of the innovative solution 
space with fewer constraints [Gero 2001 ]. 
Within this design classification, various forms of design management exist. A specific 
vocabulary is used to express the form of management according to the field. This 
paragraph sets out to introduce the three main forms of design management used currently 
in more advanced industries. 
- Co-design: also known as distributed design. In this form of design management, 
the social and human sciences are used to improve the exchange between actors and 
across partners in order to pool the work done. The co-design covers not only the 
products' design but also the design of their related services, the design of the 
companies' internal processes and finally the design of the network of partners. 
Practically, to be efficient, co-design must be supported by knowledge management 
procedures [Zolghadri, et al. 2006]. 
- Integrated design: this multidisciplinary approach intends to integrate the different 
tools used by actors all through the product design and requires the management of 
actors' skills and know-how in the company. Thus actors' knowledge is tracked and 
recorded in order to re-use this knowledge in future projects. 
- Concurrent engineering: The three main concepts are Cost, Quality, and Lead- 
time with a multicultural organisational structure, indeed a structure based on the 
sharing and the exchange of information between departments (engineering, 
manufacturing, and workshop). In this form of design management, the priority is to 
superpose and to launch activities as soon as possible with generally provisional data 
[Rouibah 2003]. The organisational structure is different from the classic scheme of 
sequential activities; the structure is based on the convergence and simultaneity of 
actions. As to the human aspect, the project is managed with a leader known as 
"project leader" who tries to maintain cohesion and to animate the group with tile 
management of the actor's skills. On the technological aspect, IT systems support the 
communication and the management of data throughout the company. 
Models of design have often been studied in recent years. Many authors have categorised 
the different existing models of design, like [Dixon 1987], [Evbuomwan, et al. 1996] or 
[Perrin 2001 ]. 
Dixon and Evbuomwan classify these works into three main categories: 
- The formal models which prescribe design with a global view and more or less 
complex procedures. 
- The cognitive models, which deal with actors' activities with a detailed view on 
the individual and describe the design activity. 
- And the "computerised" models, where actors use software (running on 
computers and based on theoretical models) to carry out design activities. 
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This classification opposes two visions: first, the vision based on processes as a whole, 
centred on the transformations of the data and the information flows with input and output 
data. And the second vision based on the human factors, where the capability of analysis 
and creation are studied. The "computerised" models provide support for these two visions. 
Each model (processes model or model based on human factors) can be supported by the 
implementation of software which is based on a corresponding "computerised" model. A 
"computerised" model is a transitory model from the theoretical model to the 
implementation of software supporting the theoretical model. Moreover, in design 
management, the "computerised" model is limited and is most of the time chosen to solve a 
specific problem. 
[Perrin 20011 proposes a more detailed classification from various view points on design, 
into five categories, as follows: 
-A succession of hierarchical steps [Pahl and Beitz 1996]; 
- Iteration of an elementary design cycle [Blessing 1994], [Roozenburg and Eeckels 
1995]; 
- The emerging phenomenon of self-organisation [Brissaud and Garro 19981; 
- Cognitive processes [Ball, et al. 1994], [Hacker 1997]; 
- Socio-technical communication and interactive mode [Buccarelli 1988], [Hatchuel 
1994]. 
The three first bullet points above refer to a global design method to prescribe work, 
whereas the latter two are centred on human factors to describe the work. This entire model 
is based on a widely known model proposed by Pahl and Beitz. This model describes 
design as a "succession of hierarchical steps" with a global vision the design activities from 
specifications until the final product manufactured. According to [Pahl and Beitz 1984], the 
model is divided into four steps: 
I. Requirement analysis: Collect data on the requirements for the specifications and 
clarification of the needs. 
2. Conceptual design: Establish the structures of functions; proposition of suitable 
solution principles from a pool of alternative solutions generated during a 
functional analysis phase. 
3. Embodiment design: Starting from concepts, the designer determines the layout 
and forms and designs a technical product or system in accordance with the 
technical and economic specifications 
4. Detail design: Arrangement, dimensions, form. and surface properties for all the 
parts with the materials specification, the technical and economic feasibility re- 
checked. In this step, all technical documents are drawn up to allow the 
manufacture of the product. 
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The sequential representation of the design process is not suitable for use in design 
management to describe the real work carried out by actors. Various researchers have 
demonstrated that, at a micro level (inside each step). actors follow an "elementary and 
iterative cycle" to solve a problem. [March 1984] identifies an iterative cycle composed of 
three steps: the "abduction" (analysis and proposition of solutions), the "deduction" (the 
evaluation of the solution) and the "induction" (retrospectively, the identification of 
improvements). 
In the same way [Blessing 1994] identifies the following phases: proposition of solutions, 
evaluation of these solutions, the selection of one solution, validation and modification of 
this solution, and finally formalisation of the specifications for this solution. [Roozenburg 
and Eeckels 1995] propose the cycle of. analysis, synthesis, simulation, evaluation and 
decision. This cycle is iterative where each possible solution generates technical 
specifications used to influence the elaboration of new solutions until the complete 
definition of the product. However, these models are very global; an extra level of detail 
could be added by the study of the actors' roles: when various actors collaborate to design, 
each one uses his own thinking corresponding to his job, experience, or position in the 
company. The solution accepted after these phases of analysis, propositions and evaluation 
will be a compromise between these different view points, it is a negotiation between actors 
in their actors' network. The compromise is built progressively by using common or 
temporary objects named by [Jeantet and Tichkiewitch 1995] "intermediary objects". 
[Perrin, et al. 1995] explain that during these periods of collaboration, actors use a learning 
process based on organisational, cognitive and hierarchical resources to obtain this 
compromise. So, it is essential for actors to record their experiences in order to develop 
their skills. This approach involves long term objectives in design management, longer than 
the lifetime of one project. 
A design project generates various design processes, these processes could be concurrent, 
interfinked, or overlapped, and each process could refer to a particular model. Thus, the 
different models presented previously are not opposed but complementary. Some of them 
are useful for routine situations, whereas others could be more efficient for managing 
innovative situations. In these works, the main notion of collaboration enriches the classical 
and mechanical vision of design, as do the recent works on design management presented 
during the [ICED 2005], [IDMME 2004] and [Design 2004] conferences. In this thesis 
work, the analysis of the collaboration to improve design coordination is focused on 
innovative design because in routine design the collaboration between actors is limited, 
Moreover, in innovative design the flexibility in design processes is very important to allow 
actors enough freedom to remain creative and to allow the company to remain reactive in 
the face of design changes. 
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3.1.2 Innovation in design 
3.1.2.1 General definitions of innovation 
According to [Carrier and Garand 1996], innovation is a collective and cognitive process 
based on the interaction between actors; it is different from creativity which is more a 
personal thinking. 
Originally, innovation was introduced in the economic field, as a notion to describe the 
emergence of something new. This definition seems to be vague and not really specific 
compared to the previous one. [Tushman and O'Reilly 19971 are focused on the 
introduction of change in organisations from a strategic perspective. These authors 
generally associate innovation to something new as a new process, new product, new 
organisational structure, and new marketing concept; that is beyond finding technological 
solutions. According to other authors [Cooper 20001, [Johannessen, et al. 20011, innovation 
could be classified according to the type of "newness". Indeed, innovations can be 
described as being a continuum ranging from a sum of incremental innovations (with low 
modification and impact on market) to radical innovations (with high risks and 
environmental turbulence). In this research work, the definition of "innovation" is close to 
the definition of Tushman and O'Reilly (1997). Thus, an innovation can be considered here 
not only as a new product or an innovative technological solution but also as an innovative 
process, an innovative organisational structure, or an innovative marketing concept. 
Moreover an innovation is not an invention; an innovation is an idea that encounters 
success in the market. According to [Legardeur 20011 the innovation process is a logical 
succession of adaptations and transformations. These transformations and adaptations allow 
the idea to be launched on the market in order to become an innovation. 
3.1.2.2 History of innovation 
Historically, economists and in particular Joseph Alois Schumpeter have worked on the 
concept of innovation which is defined as "the path frorn invention and sanctioned by a first 
successful commercial transaction" [Schumpeter 1934]. 
Ten years ago, the shock of globalisation ruined acquired competitive advantages and 
segmented markets started to split up. Under the penalty of exclusion, companies had to 
innovate by taking risks. In order to control the evolution of innovation and risks, 
innovation became adaptive. In order to control the process of technological innovation, 
companies have to transforin their procedures, to acquire new skills and to overcome 
cultural differences. Companies have rationalised the organisation of their design activities. 
Since 1990 various organisational structures for managing projects were developed, 
namely: transversal organisation by projects [Tarondeau and Wright 1995] and co- 
development (concurrent engineering), integrated engineering [Tichkiewitch 19961, 
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simultaneous engineering [Bocquet 1998]. The models, points of view and strategies of 
companies have changed. Companies can innovate only if the actors collaborate and trust 
each other. "The innovation process itself is also bound to change; innovation becomes 
participative, it needs the creativity and skills of everybody" [Legardeur 2001 ]. 
Currently, R&D departments strive to become RID departments with an "I" (for 
"Innovation") which is as well organised as the "R" or the "D". 
3.1.2.3 Types of innovations 
For an innovative product it is difficult to assess the level of "newness". [Clark and 
Wheelwright 19931, or [Freeman 1982] present two main types of innovation for a new 
product: 
- Incremental innovation as "kaizen" or continuous improvement could develop in a 
linear and stable context. In this form of innovation the technology and configuration 
of the product are essentially the same, and only minor modifications are carried out 
on a few products' attributes like shapes, colours, size, materials... Incremental 
innovation occurs most of the time in a weli-established market [Ali 1994]. 
- Radical innovation appears when a new concept is a break-away from an existing 
one. Such radical innovation may lead to entering new markets (For example the 
DVD compared to the VHS video). A radical innovation is harder to discover than an 
incremental innovation because the market is not already known and the customer 
needs are most of the time confused. 
In this research work, the word "innovation" is used for any type of innovation between 
incremental and radical one. These various kinds of innovation: incremental innovation and 
radical innovation are generated due to the trust between actors, to the behaviour of the 
participants within the company and to the way of managing projects. 
3.1.2.4 Drivers to innovation 
In the literature there is no existing generic formula to innovate in any situation, however 
some authors put forward recommendations to foster the emergence of innovation. 
[Legardeur 2001 ] proposes sharing information and knowledge, and managing the conflicts 
[Robin, et al. 2006] appearing between actors who are in favour or against an innovation. 
Most of the time actors' reactions depend on their own interest which can be close to the 
interests of the company, but sometimes not. The innovation of products or processes 
requires the creation of an informal network of actors in constant evolution to exchange 
points of view, information and to validate the progress of innovation [Boujut and Tiger 
20021. In this situation, cooperation in design is very important, because the different 
actors' points of view are fon-nalised and exchanged then integrated in order to converge 
towards the development of the product. 
Cooperation cannot be managed by the sharing of sequenced tasks and responsibilities; 
where the links between actors and design phases are made by documents in asynchronous 
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and distant forms. The main goal to foster the emergence of innovation is to support 
cooperation between actors and not to define of a sequence of design tasks. Thus, the result 
will not only be the sum of individual results of each actor; but the comparison and the 
negotiation between various actors' points of views to bring new skills learning and know- 
how sharing [Legardeur, et al. 200 1 ]. 
A new form of actor could be used to foster these exchanges of actors' points of views and 
to manage the cooperation between actors: it is the "actor of interface". This actor of 
interface is not a project leader. A project leader is responsible for the definition of the 
coordination rules (scheduling, milestone, control, design activities) and can use his 
authority to take decisions, which is not the case of the actor of interface. He attempts to 
create a favourable situation to foster and manage the collaboration between actors [Boujut 
2003]. 
In innovative SMEs, the flexibility in the product development processes is very important 
in order not to constrain actors in their design work and limit their design choices. 
Predefined processes (as is the case in routine design) are too restrictive for the actors, they 
prevent the actors from considering all the possible design solutions and then stifle the 
emergence of innovation (or new ideas) [Legardeur 2001 ] 
The emergence of innovation could be fostered by various drivers. Drivers are processes or 
factors that help, encourage or foster the innovation process. 
Various drivers can be quoted: reward systems, leadership, communications, organisational 
structure, empowerment and risk taking. 
- Reward systems: reward systems motivate actors and improve the actor's capacity 
to innovate [Saleh and Wang 1993] [Angle 19891. Nevertheless, an inadequate 
reward system leads to high turnover of staff with the loss of all tacit skills and 
knowledge. So their effectiveness as a driver of innovation is questionable. 
- Leadership: leadership is an important cultural driver for innovation. Leadership 
aids and mobilises actors with their ideas [Kotter 1990]. For [Quinn, et al. 1997], 
leadership is the most critical factor which stimulates innovation. However a rigid 
leadership is perceived as a barrier to innovation. Because this form of leadership 
does not allow the use of flexible processes to adapt the operative tasks to each 
specific situation occurring during projects and thus, stifle the emergence of new 
ideas [Pol, et al. 2005c]. 
- Communication: on the one hand it is well established that innovation requires 
fast transmission of information and depends on the quality of the communication 
achieved through the informal networks of actors. According to [Lawson and Samson 
2001] effective communications within the company and its network of firms is 
35 
Chapter 3 Literature Review 
necessary to achieve innovation and learning outcomes. It facilitates knowledge 
sharing by combining a wide variety of experiences, dialogue between workers, 
building on others ideas and exploring issues relevant to innovation. On the other 
hand, inappropriate communication leads to misunderstanding, loss of infort-nation 
and errors during design projects. Without efficient communication, managers depend 
on their own informal networks and networking skills to obtain relevant infort-nation. 
- Organisational structure of the company: a flexible organisational structure leads 
to an effective communication, greater responsibility, freedom in decision-making 
and cooperation between departments. This had brought multiple benefits that 
included a better understanding of the different work practices, exchange and sharing 
of information and access to expertise which resulted in shorter development times 
[Maira and Thomas 1998]. Nevertheless bureaucratic structures that create various 
management layers each with their own agendas, were barriers that especially 
affected radical innovation. 
- Empowerment: an informal network is essential in the emergence of new ideas; 
managers evaluate this approach as an unofficial way to use their own networks to 
drive innovation. The involvement of actors in the innovation process through 
empowerment, allows them to fulfil certain esteem and assessment needs. 
Empowerment is not only delegating work to actors, it also ensures that actors have 
the adequate autonomy and authority to carry out the tasks in the right way. It is 
based on a form of management where collaboration is a priority [West and Friar 
1990]. However, a lack of empowerment can lead towards less involvement of actors 
in the projects, and decrease the level of collaboration and exchange between actors. 
- Risk taking: generally in an innovative company, risks are present, estimated and 
managed. It well known that risk taking is the behaviour for innovative firms [Saleh 
and Wang 1993]. However these firms do not take unnecessary risks, they must 
remain manageable. Nevertheless each mistake made allows actors to learn the 
lessons to not make the same mistake again [Lawson and Samson 20011. It is an 
opportunity to learn and to improve. 
Moreover, the notion of flexibility is important for the company to remain reactive in the 
face of any design change, to not stifle the emergence of new ideas and the possible 
initiatives of each actor, so flexibility is essential for the emergence of innovation. 
More precisely, the aim of this research is focused on the analysis of the collaboration to 
improve various design coordination aspects. Thus the aim is not to focus on the processes 
of innovation. Nevertheless a better collaboration between actors fosters the emergence of 
new ideas [ Legardeur 200 1 ]. 
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These drivers influence the emergence of innovation. Nevertheless, these drivers are used 
differently if the company is large or small. Thus, the main characteristics of SMEs are will 
be explained in the following section. 
3.1.3 SMEs 
SMEs and large companies are mostly different. SMEs employees work in an organisation 
of mutual agreement: there are small departments, the project team is often reduced to 2 or 
3 people and the constraints of money and lead-time are not always known in advance. In 
this direction it is important to define the context of SMEs is, in order to define the scope of 
the study. 
Moreover the actors of SMEs are multidisciplinary and they carry out various different 
tasks in their job. Thus, it is very difficult to directly "apply" any models, methods or tools 
from large companies to SMEs. 
The small structure of SMEs allows them to be very reactive in the face of the 
unpredictable nature of the market. However these profits could become a barrier to 
innovation because it is more difficult for SMEs than large companies to find resources to 
innovate narnely: money, organisational structure focused on innovation, and adequate 
skills. Large companies use their size to manage the risks of innovation. 
SMEs use few design methods and formal processes, consequently they become more 
flexible than large companies. However, for SMEs what is lost regarding formal structuring 
is partially compensated for through a better reactivity. 
[Filson and Lewis 2000b] present the difficulties encountered by SMEs in designing 
products. Their article deals with the analysis of various SMEs and shows that: 
- Most projects are launched behind schedule, 
- Many projects are in progress without supervision, 
- There is a lack of structured communication between actors and departments, 
- Often problems of resources occur during the main critical steps of the project, 
- Each actor assumes his responsibility for the product specifications but few 
people are in charge of the product development processes. 
After the identification of problems concerning the organisational structure of the company, 
or in project management, or data management, sometimes companies may want to make 
changes. [Filson and Lewis 2000a] propose that any change must be done gradually 
because various problems of corporate culture appear, namely: 
- Mistakes are not permitted, 
- Strategies focus only on the short term, 
- Conflicts of objectives arise between actors, 
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- Problems occur in the review of incoming projects. 
To conclude, all these elements demonstrate that studying design in SMEs is a specific and 
complex domain where few analyses and solutions taken from large companies are directly 
applicable. 
The research context for this thesis is the innovative SME. Indeed, Ederena uses innovative 
technology applied on products. Thus, an innovative product emerged for each new type of 
product (using innovative technology) in a new field. 
The main characteristic of SMEs, in this case, is flexibility in the design processes and a 
better control of these processes. Thus, this research study is focused on how the design 
processes can be better coordinated by including human aspects (i. e. collaboration). 
Consequently, the literature review now deals with sections on collaboration, coordination 
in design and on information systems for collaboration and coordination. These sections 
lead to the detailed presentation of the research context. 
3.2 Collaboration in Design 
The collaboration between actors in design fosters the emergence of new ideas via a mutual 
wealth. These ideas are better formalised, better shared and have more chance to become 
integrated in the design project and put on the market [Legardeur, et al. 2005]. However, 
most companies lack a clear policy on collaborative philosophy. Collaboration is a complex 
process, and the evaluation of different collaborative strategies is difficult [Kristensen, et al. 
2004]. 
Sociologists have carried out various social studies of collaboration between human groups; 
some of them have studied the collaboration in design. Of course these studies have been 
used to elaborate the models and the results. Unfortunately, these social studies are often 
global and it is very difficult during this research to associate real inputs from social studies 
to the research. However, these social studies could be in the future a promising way to 
improve the results of this research. 
3.2.1 Definitions 
Collaboration in design deals with a mix of schedule, product development representation, 
and decision making, while taking into account the notions of. time, tasks, and resources 
[Pol, et al. 2005d]. Cooperation and coordination are not mutually exclusive, but they are 
complementary and collaboration can be defined as the complex combination of these two 
notions. So it is easier to define cooperation and coordination in order to characterise 
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collaboration. According to De Vreede and Briggs [De-Vreede and Briggs 2005] 
collaboration engineering is "an approach to the design of re-usable collaboration processes 
and technologies meant to engender predictable and transferable processes, successfully 
conducted by practitioners of recurring mission-critical collaborative tasks. " Collaboration 
engineering leads to the re-use of collaboration processes according to the practitioners and 
design situations. Therefore, the analysis of collaboration will be able to foster the 
identification of these re-usable collaboration processes in order to orient and train actors to 
run these processes. 
Cooperation is defined by The Oxford English Dictionary as "the process of working 
together to the same end". Cooperation is considered as an effective and concrete 
articulation among designers involved in a collective action (working in practice towards a 
consensus end). In a given situation it is the cooperation between designers which will be 
effective in a collective action. 
Coordination is defined by Oxford English Dictionary as "the harmonious or effective 
working together of different parts". "Coordination is the process that aims to plan and 
schedule different tasks, and to distribute resources" [Andreasen, et al. 1998]. This 
prescriptive process defines the designers' activities and their interrelations. This process 
can be considered as a management tool. However the coordination processes which can be 
formalised in procedures or informal forms (such as work habits) remains a predictive 
process where the activities of coordination can be anticipated and planned. Coordination is 
a guideline for action [Legardeur, et al. 2004a]. 
Coordination rules are often defined and proposed but following them in a design situation 
is difficult. The definition of rules for coordination is not enough in itself to be applied. 
Coordination, as specified by organisation and schedule of designer's activities, is generally 
associated with a routine design process. Cooperation and emerging organisation are key 
factors for promoting innovative design, but the real design process is not only innovative 
or routine; it must be seen as a complex combination of routine and innovative operations 
[Legardeur, et al. 2001]. 
During a project, the project manager needs to act on various cooperative and coordinative 
levers in order to build a favourable collaborative situation for design projects [Girard, et al. 
2003]. The model introduced by [Karsenty 1996] and interpreted with the previous 
definitions represents the relation between the concepts of collaboration, coordination and 
cooperation. The model is articulated around three levels in accordance with the distance 
from the action (Figure 6). 
- The cooperation in action (interference management) deals with the cooperative 
activities linked to the management of the design objectives and procedures in the 
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implementation of the design tasks. This level characterises the cooperation between 
actors in design through their interactions in their own actor network. 
- The medium term coordination concerns the activities to manage the shared 
framework, definition of schedule and allocation of roles and tasks. In design, this 
coordination level sets out to formalise the design processes, and information flow, 
where the design methods and tools are chosen. The shared framework includes a 
common way of communication with a common language, common device 
(telephone, mail, videoconference ... ), common technical vocabulary, to share 
knowledge whether formalised or not [Karsenty 2000]. This reference helps to make 
design decisions in accordance with the knowledge of the others [Loiselet and Hoc 
2001]. In design, this shared framework is composed of knowledge and shared 
thinking, and is built and maintained throughout the collaboration. 
- Meta-collaboration concerns the collaborative activities at a high level of 
abstraction which produces useful information for the other levels (coordination and 
cooperation). This level is composed of: tacit information, informal agreements, how 
the actors perceive themselves in the group, and the corporate culture. 
Collaboration - Coordination - Cooperation 
Meta- Development Development of Development of 
collaboration of compatible a model of oneself a common way 
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Figure 6: Concept of collaboration, coordination, cooperation 
Various cognitive processes as the "explanation" are used by actors to facilitate the 
construction of a shared framework [Boujut 2003], [Hoc 2001], [Takeuchi and Nonaka 
1989]. This shared framework is used as a workspace by actors and improves the 
collaboration in their design work. 
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3.2.2 Shared framework in design situations 
Many studies show that it is as important to share a framework of reference as to share the 
information itself in order to have successful collaborations between actors. Many works in 
linguistic psychology [Wilkes-Gibbs and Clark 1992], in ethnology [Heath and Luff 1994] 
and cognitive ergonomics [Karsenty and Pavard 1997] demonstrate that working in the 
same location, with the possibility of following the other actors' activities, fosters the 
creation of a shared framework to support collaboration between actors. These works show 
that this shared framework leads to a better communication and collaboration. 
A shared framework is built between the "speakee' and the "listenee, in order for them to 
have a shared hypothesis on a subject. Various misunderstandings result from incomplete 
representation of their shared framework. Sperber and Wilson [Sperber and Wilson 1989] 
reflect to the notion of "mutual cognitive environment", indeed that the transmitted 
information becomes mutual when the information is understood by the "speaker". the 
"listeners" and that each actor is aware that the information is well understood by the other 
actors. Information is called mutual when we can use a reasoning equivalent to the 
following: I read the book X, I know that my partner has read this book and vice versa, my 
partner knows that I read the book X, but I also know that my partner knows that I know 
that he has read the book" and so on ad infiniturn... 
Thus, the provision of information is not sufficient to foster a mutual and shared 
framework; it also must provide indicators to be sure that the information is mutual and 
received by the other actors. 
The implementation of a shared framework in a design situation is based on the analysis 
and the understanding of the design situation. The criteria which defines the design 
situation are [Eder 2003]: 
- The actors, their specific roles, and know-how on similar projects, their 
knowledge and socialisation, 
- The nature of the product [Suh 1990], the complexity, and the product state in the 
design process [Eynard 1999], 
- The design process and the way to manage projects [Perrin 2001], the type of 
design (routine, innovative or creative design) and the form of collaboration used 
[Dameron and Fonquernie 2000], [Girard, et al. 2003], 
- The financial and material resources (building, computers, software, budget... 
On the basis of this description it is possible to define the necessary parameters to 
implement a shared framework in a design situation: 
- The guidelines for design: 
* Design objectives, 
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Indispensable skills, 
Perfonnance indicators, 
* Actors, resources, financial estimate... 
- The description of the design situation: 
" The product model and the design processes, 
" The organisational. structure of the company, 
9 Tle desired form of collaboration. 
A shared framework is characterised by the combination of these parameters which evolve 
during the project. Various kinds of information about this shared framework are relevant 
to characterising the collaborative situation occurring in design. In particular, as we saw in 
this section 3.2.2, the design objectives, the skills and roles of the actors, the design 
resources and the nature of the product project give information to describe a collaborative 
situation. When actors collaborate they build a shared framework to support their 
interactions. Thus the elements of this shared framework give pertinent information to 
characterise the form of collaboration used by actors during design projects and to be able 
to analyse it. 
3.2.3 Skills 
[LeBoterf 1998] gives two definitions of "Skill": The first defines the skill as a sum of 
knowledge, know-how and the implementation of theoretical knowledge. This definition 
limits the actors' skills to a list of possible actions. The second definition is based on the 
combinatory knowledge and on the individual himself [Micaelli 1997]. The individual is a 
"builder of his own skills", by combining his internal resources (knowledge, know-how, 
personal quality, experience ... ) and the network of resources 
in his environment 
(professional network, documentary network, Database ... ). The professional skill is 
knowledge - in action - validated in a specific context (constraints, human and technical 
resources, funding, logistics, scheduling ... ) with an objective. 
The way the company is managed influences the way skills are managed; the more the 
management allows initiative and interaction between multidisciplinary actors in the design 
teams, the more the actor uses and trains his skills [Begin 2003]. Designers learn and 
improve skills during the design of products, and from project to project. The mobilisation 
of actors and strategic development of specific knowledge must depend on many factors 
(time, economic, technological, but also organisational, sociological and cultural), and on 
company strategy. Then, skills management leads to the formation of multidisciplinary 
teams made up of various experts in order to learn from each other and to improve 
particular skills [Batazzi and Alexis 2000]. The aim of management of skills is to improve 
the global level of skills in the company. Through "skill sharing7 companies can promote 
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collaborative situations that will foster the emergence of innovative ideas. The management 
of skills is an essential element in improving the performance of the team in design 
processes. It is important to know and use the knowledge of each actor, then, it is also 
important to manage the learning process so as to improve the skills pool. This 
management of the actor's skills is one aspect of design coordination. During the project; 
the project manager assigns the right actors for each design activity according to the actor's 
skills, personality, knowledge... Thus the project manager needs to study how actors 
collaborate in design activities in order to take a decision on the actors needed for the 
design activity. 
3.2.4 Communication 
Most of the time, actors misunderstand the word "collaboration" and assimilate 
collaboration to "communication". It is easy to fall into the trap of thinking actors could 
have better collaboration if only the bandwidth were increased. Collaboration requires 
communication, but it is not only communication. Another confusion is often made 
between participation and collaboration. Participation is a means, not an end. It is needed to 
collaborate, but to participate is not sufficient [Chiu 2002]. 
In the coordination aspects the transmission of information or documents may be made 
through various forms of communication between actors. This communication could take 
four forms, as shown in Figure 7: 
, ---*Ir 
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Distribution Collection Circulation Exchange 
Figure 7: Four forms of communication 
These four forms of communication are used by the actors to collaborate in design projects. 
All these forms are complementary; each one is used in accordance with the design 
situation, the actors' way of working and the prescription of the project management. The 
"circulation" form is mainly used for validation, the "collection" is used to group 
information and build common information from various part of work, the "distribution" 
form informs the actors, and "exchange" is a group of the three previous forms in an 
informal communication. 
The project manager must be aware of these forms of communication in order to foster an 
adequate form in accordance with the design situation [Sonnenwald 1996]. 
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3.2.5 Individual person 
According to [Cross and Dorst 2001]; designers interpret the same assignment quite 
differently, in awareness of their own design environment, resources and capabilities. The 
designer thus decides what to do (and when) on the basis of a personally perceived and 
constructed design task, which includes the design problem, design situation and the 
resources (time) available, as well as the designer's own design. Collaboration in design is 
thus influenced by all the individual persons included in the project team. 
The personality is one of the main characteristics of the individuals. The model "Big Five" 
[Paunonen and Jackson 2000] defines the personality with five main criteria: sociability 
(dynamism), meticulousness, emotional balance, spirit opening (imagination), and 
awareness of the other actors. These identified criteria explain the main difference between 
individuals. The sum of the actors' personality influences the collaborative situation and 
must be taken into account in the definition of the coordination guidelines. 
Motivation is often associated to the personal desire of actors to do their best. Motivation 
comes from various respectable or shameful sources, like fear, money, power, or an ideal... 
Motivation varies according to the individual, the context or the time. Between the actor 
who harms his or her company and those who belong to the company "body and soul" there 
is a large space. It is precisely in these two extremes that the project manager has to 
evaluate and drive actors. Therefore it is useful to have a scale to represent the various 
motivation levels and the related consequences (Figure 8). The goal is not to classify actors 
or to give a mark because motivation often changes and depends on the situation. 
Nevertheless, this scale can help a project manager to think about the motivation of his 
project team: what is the motivation level at this moment? During this year? What is the 
behaviour which reflects this level? What did actors say? What did they do? 
Niotivation LOCI I)escription ( olnlnents 
His mission is more important than his own Risks for the actor and for his 
I- Enthusiast 
life. He works nights and week end. environment. More or less longer. 
2- Involved 
Work in an autonomous way. he tries to "Ideal- attitude 
improve the processes and the relationships. 
Work in an autonomous way, by doing "just Acceptable attitude. but sometime 3- Motivated 
enough" in order to caM, out the work it is not enough 
Common attitude. it must be a 
Act consequently ofan external stimulus as a transitional attitude. The project 4- Spurred 
reward or punishment. manager can be exhausted ifthe 
situation continues for a long time. 
5- Survival Do the minimum to dodge problems. Must be corrected 
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6- Demotivated Do nothing in every situation Must be corrected 
7- Rebellion Try to hann organisation Must be corrected 
Figure 8: Motivation scale [Carrk 20061 
This scale helps project managers to establish a constructive discussion with actors in order 
to find solutions; or it can be used by project managers to estimate their own motivation 
level. 
All these factors involve the study of the interaction between actors during design projects. 
Human behaviour takes a significant role in the emergence of collaborative situations; in 
this thesis, it is considered that the individual is at the same time a resource for the process, 
but also an autonomous actor, who can learn, take decisions, create, and model this process. 
3.2.6 Characterisation of Collaboration 
Various factors are used to define different forms of collaboration. The combination of 
these factors could lead to the definition of a large number of collaboration forms. Thus, 
this section introduces the main factors from the literature; nevertheless more factors could 
emerge during the study in order to facilitate the characterisation and the analysis of the 
collaboration. 
3.2.6.1 Time and location 
The form of collaboration could be differentiated according the criteria of time and 
location. The difference between the forms of collaboration is shown in the 2-by-2 matrix 
suggested by Johansen [Johansen 1988]. The matrix has the dimensions time and space, 
which are distinguished in the categories "same" and "different" respectively. Thus this 
matrix represents four possible scenarios of collaboration. These are shown in Figure 9 
along with examples. 
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Different 
Support for Email, etc. 
shift work, etc. 
Time 
Some 
Meeting support, Video conferencing, 
etc. etc. 
Same Different 
Place 
Figure 9: Four scenarios of collaboration form. 
According to the above Figure 9, four kinds of collaboration situations can be 
characterised: 
- Same time, same place: Co-located people who have joined together physically, 
to, e. g., carry out a meeting, which could be facilitated by a so-called meeting support 
system, i. e., IT explicitly developed to assist people in the process of running 
meetings effectively [Nunamaker, et al. 199 1 ]. 
- Same time, different place: Distributed participants cooperating synchronously, 
assisted by, e. g., a media space, i. e., a system that seeks to decrease the physical 
constraints experienced by distributed participants by enabling close and continuous 
audio and video interaction. 
- Different time, different place: Distributed participants working at different 
times, supported by, e. g., an email application, which enables them to exchange 
messages with each other asynchronously. 
- Different time, same place: Co-located participants working at different times, 
assisted by, e. g., a system supporting shift work (see, e. g., [Johansen 1991]). 
Johansen's 2-by-2 matrix suffers from the problem that it only states four potential kinds of 
collaborative situations, but nothing about how participants in these situations could be 
supported by IT. Thus, other factors are needed to have a better characterisation of the 
collaboration forms. 
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3.2.6.2 Formal and informal collaboration 
The actors can work in a formal or informal way. Most of the time, their daily work is a 
mix of formal and informal collaboration. On this topic, various works [Crozier and 
Friedberg 1977] have defined the concept of "uncertainty zone", where all the effort of the 
company is oriented toward the control of the design changes. Thus, the responsibilities, the 
procedures, the specifications are defined in a formal way in order to make the future and 
the behaviour predictable. Nevertheless, design change happens every time in projects and 
cooperation processes are quite unstructured and the confrontation of the different actors' 
points of view leads to informal and unofficial information exchange. Consequently, this 
situation is favourable for interactions between actors where conflict could happen and 
"play of power" between actors could appear [Callon 1998]. The identification of these 
situations leads the determination of the zones where the actors elaborate alliances, 
resistances and negotiations in order to finally contribute to the progress of the project. 
In contrast to that, various processes of coordination are more formal and define the actions 
of the project actors in detail. The formal aspects are more present in the coordination 
aspects and the informal ones are more used in cooperation between actors. 
These two forms of collaboration (formal or informal) are necessary and must be used in 
accordance with the specific situation. Sometimes it is necessary to formalise thinking such 
as in a schedule, but other times it is usefiil to have an informal meeting at the coffee break 
to exchange extra information which cannot be disclosed during a formal meeting. 
3.2.6.3 Degree of freedom 
For decision-making, project managers need to identify effective action levers which will 
influence collaboration thus increasing design performance [Merlo, et al. 2005]. Those 
elements concern designers themselves, not just the product or the activities. So to identify 
them, previous works [Girard, et al. 2003] propose a taxonomy of collaboration (Figure 
10). This taxonomy suggests taking into account: definition of design activities, freedom of 
relationships and collaborative experimentation between design actors. 
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Figure 10: Twelve forms of collaboration 
The activity definition concerns prescribed collaboration and unexpected collaboration. The 
degree of freedom of a relationship corresponds to the possibilities which are offered to the 
actors to collaborate. The degree of freedom can be "Forced" if managers define or impose 
rules to force actors to collaborate. Otherwise, if no collaboration rules are imposed, the 
form of collaboration is "Free". Between these two forms of collaboration ("Forced" and 
-Free") the collaboration can be "encouraged" where managers give advice to guide actors 
in their way of collaborating. Collaborative experimentation relates to whether workgroup 
members had relationships before the beginning of the activity. Finally twelve forms of 
collaboration are identified by taking into account these three criteria. 
This taxonomy helps to characterise the form of collaboration used by actors during 
projects. This characterisation supports the project manager's decision-making process 
during the coordination of a project. Thus, the identification of the parameters influencing 
collaboration is facilitated. At the end, it could be possible to have anticipative control on 
the collaboration form and not just reactive in the face of the unpredictable nature of 
design. 
3.2.6.4 Conflictive and consensual collaboration 
In project design, actors are often confronted with problems that they cannot solve alone. 
Moreover, it is possible that a conflict appears during the design process, when the 
activities of various persons interfere on the same subject. In these situations, the actors 
have to collaborate in order to decide together what the actions are to solve the conflict and 
to reach the objectives of design without interfering with the defined design process [Rose 
2004]. Thus, the collaboration between actors is set between conflictive and consensual. 
The conflictive collaboration is when the actors come into conflict and keep to their 
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position as opposed to a consensual collaboration where the actors are inclined to make 
concessions. These two extremes do not foster collaboration; nevertheless the conflicts or 
the confrontations are not bad if the dialog remains open and constructive between actors. 
In the same way, a form of collaboration where every actor makes concessions is not 
appropriate because everything could be accepted as a mistake. 
3.2.6.5 Subjectivity and objectivity 
In "The eye of the spirit" [Wilber 2001], knowledge about the world is explained as an 
integrated process. Wilber explained that any phenomenon can be looked upon in four 
ways. As displayed in the following Figure 11, in an interior and an exterior fashion, and in 
a collective and an individual fashion. 
-0 
r_ 
t5 
-2 0 
Subjective Objective 
My work experience Time used in experiment 
I it 
We Its 
Intersubjective Interobjective 
How we communicated and How the parts of the 
came to an understanding experiment are connected 
Interior Exterior 
Figure 11: Four ways of looking upon phenomena 
As illustrated in Figure 11, looking upon a phenomenon in 1) an internal and individual 
fashion is a subjective analysis, 2) as exterior and individual is an objective analysis, 3) as 
internal and collective is an intersubjective analysis, and 4) as external and collective is an 
interobjective analysis. As dispersed collaboration involves people, objects and relations 
between these, all four views are necessary to facilitate a full, comprehensive analysis of 
the different aspects of collaboration. In the collaboration analysis process, subjectivity is 
introduced in two main places: during the recording of data and during the analysis itself 
(these points are developed further in Chapter 7.2). 
3.2.7 Synthesis on collaboration 
In this thesis, collaboration means "work with other actors toward the same goal", and tile 
consequences of such a definition are that actors must have the possibility to communicate 
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between them. However to communicate, actors must have a common space of reference in 
order to understand and exchange their thinking. Thus, actors build a shared framework in 
order to support the interaction between them. An uncompleted shared framework leads to 
misunderstanding and design errors. This environment is characterised by the actors 
themselves, the specific attributes of the product and the project, the design processes, the 
form of collaboration used, the resources (see Chapter 3.2.2). 
Moreover, the notion of a goal is essential in collaboration; goals federate actors toward 
this goal and help to distribute work, to find compromises in order to reach the common 
goal. The personal thinking and the individual way of working play an important part in the 
effectiveness of collaboration. The involvement of actors is more efficient in the federated 
project if they find a personal benefit in collaborating. This benefit could be to help them in 
their daily work, to learn more in a specific domain or to find a solution easily. However if 
an actor does not find benefit in collaboration, he will be hesitant in participating in 
federated projects. Benefits motivate actors to make efforts in order to keep the 
collaboration in operation. These efforts must be made by the right persons, at the right 
time in the right place to do the right task; and this is possible only if each actor is aware of 
the other actors' actions. 
In this section 3.2 about collaboration in design we have seen the description of various 
relevant aspects to support the characterisation of the collaboration. This characterisation 
allows the evaluation of the form of collaboration used by actors in design in order to know 
how the actors collaborate: 
- In synchronous or asynchronous time and in the same location or distant. Each 
form of collaboration can be classified into four categories (synchronous / in location, 
synchronous / distant, asynchronous / in location and asynchronous / distant). 
- In a formal or informal way. Each form of collaboration can be evaluated by a 
continuous scale between formal and informal collaboration. 
- With which degree of freedom i. e. if the form of collaboration is closer to a 
"free", "encouraged" or "forced" collaboration. 
- In a conflictive or consensual way. Each form of collaboration can be classified 
between these two extremes. 
This is a first characterisation which comes from the results of existing research works. 
Nevertheless, this first characterisation needs to be expanded and linked with the context of 
research. Thus, this characterisation will be completed by the case study in order to add 
extra factors and to obtain a complete characterisation. 
Moreover, this characterisation of collaboration will be the basis for the analysis of the 
form of collaboration used by actors in design projects. Thus this analysis of the form of 
collaboration will be a support to improve various aspects of the coordination such as skills 
management, definition of flexible and detailed design processes, a better understanding of 
the previous design activities... 
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3.3 Coordination 
The coordination of design processes is not easy, but milestones or mechanisms can be set 
up in order to guarantee the progress of the project and to control the convergence of 
projects towards initial internal or external objectives. Project management involves 
organising the design project and coordinating the actors' activities in order to improve the 
performance of design processes. Milestone is a word commonly used in project 
management. In this thesis, a milestone is to be understood as a predefined design activity 
which is scheduled during the design process. When achieving the milestone the completed 
work is checked and the project manager can take decisions to modify the future design 
process according to several parameters such as time, costs, completion of task, extra 
milestones definition, or project team resources. These milestones are control points to 
ensure that completed tasks, generated documents, product or raw material definition are 
well matched with initial objectives. 
Design coordination is not a tool to control the actors' tasks but attempts to anticipate the 
future and to adapt the design process to changes (which can appear during the design). 
Design coordination is ensured by the analysis of the design objectives in order to define an 
adequate mode of coordination, providing the necessary information to the actors at the 
right time and in the right format. The project manager has also to define performance 
indicators in order to control the progress of the design and to take corrective actions if 
necessary [Girard and Doumeingts 2004a], [Legardeur, et al. 2004b]. 
Therefore, two methods may be used by the project manager: either attempting to force 
cohesion and the gregariousness of the group and focusing on a predefined plan; or on the 
contrary working to encourage the emergence of shared collaboration spaces [Dameron and 
Fonquernie 2000]. On one hand, in the former method, the manager "forces the system" 
and the design process follows predefined activities; in this case the design process leads to 
a routine situation and collaboration is stifled by the design formalism. On the other hand, 
in the latter method, the manager can use an organisation based on autonomy, but such an 
auto-organisation presents obviously the risk of diverting energies, of not sharing any 
common objective and of generating situations of conflict. 
The path for the manager is narrow: he must manage to combine the best elements of these 
two extreme types of organisation, one to structure design process, and another to keep 
enough flexibility in order to promote collaboration and to remain reactive in the face of 
changes in the progress of the design. 
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3.3.1 Coordination mechanisms 
The coordination of the design activities is not onlY the scheduling of activities. During the 
project, actors make technical decisions (selection of materials, part dimensions, choice of 
processes, etc... ) and have to choose a solution between various alternatives in order to 
solve design problems. The decisions deal also with the allocation of human and material 
resources. Moreover the design department often has not only to coordinate one design 
process for one project, but various design processes for various concurrent projects. Thus, 
the coordination mechanism must be defined to coordinate and run various activities and 
processes. 
3.3.1.1 Design coordination Theory 
"Design Coordination Theory" results from the studies of the work group ESPRIT, IMDEV 
and the program ESPRIT IiMB (integration in Manufacturing and Beyond) [Andreasen, et 
al. 1994] [Duffy, et al. 1997]. The studies to improve the product design prove that design 
coordination is a way of optimising the design processes. This approach is based on various 
points of view to structure the design successfully. The coordination is assured by four 
main activities [Andreasen, et al. 1996] or four factors [Girard, et al. 19991 
- Make decisions on tasks to carry out. 
- Control of resources, 
- Modelling of the job point of view, 
- Scheduling of design activities. 
Based on these activities or factors, eleven interlinked models [Andreasen, et al. 1998] have 
been described (Figure 12): 
- Model of the Product Development cycle, 
- Decomposition model is a multi-point of views model, 
- Models of Disciplines and Technologies linked to the product. It is used to 
structure the design activities, 
- Model of the Product Life Cycle in order to define each phase of the life cycle 
and the interactions between product and environment, 
- Model of Synthesis Matrix describes the activities to carry out in order to assure 
the design and the manufacturing of a product sub-assembly, 
- Model of Life Cycle Phases System completes the synthesis matrix in order to 
optimise the sequence of the life cycle phases, 
- Model of Goal / Results describes the decomposition by objectives and the 
results achieved., 
Model of Task defines the tasks needed to develop the product, 
Model of Activity / Plan with the support of the model of Goal / Results and the 
model of Task defines a complete scheduling of the activities, 
52 
Chapter 3 Literature Review 
- Model of Resources defines all the characteristics, the structures and relations of 
the necessary resources, 
- Model of Design History is the memory of the product development project by 
storing a record of the activities carried out. 
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Figure 12: Design Coordination Frameworks [Andreasen, et al. 19941 
This theoretical model fon-nalises the main concepts characterising the coordination 
framework in industry. Nevertheless, these studies based on the "Design Coordination 
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Theory" are not easily applicable in SMEs. For example, the model of Synthesis Matrix is 
not used in French companies. The models 7,8 and 9 are not easy to manage separately 
when the workload is full: the Activity/Plan, Task and Resources are in reality closely 
interlinked. Moreover, no tool has been implemented in order to support the use of this 
model by companies. Finally this model requires a long term vision which few SMEs have 
the possibility of acquiring. The intent in this thesis is to improve design coordination in the 
context of SMEs and to propose a more adequate and flexible framework. 
Other studies on design system coordination based on this theoretical work have been done 
such as the GRAI R&D model. 
3.3.1.2 Design engineering model: from GRAI R&D to IPPOP model 
The GRAI R&D model [Girard 1999], provides a framework composed of three main parts 
to study the design system (Figure 13) : 
- The technological system transforms the input data (requirements) to output data 
(product definition), 
- The decision system pilots the transformation of the technological system, 
- The information system links the decision system, the technological system and 
the environment. 
This design system model is based on system theory [Simon 1960], [Le_Moigne 1990], 
organisation theory [Mintzberg 1990] and the theory of hierarchical systems [Mesarovic, et 
al. 1970]. 
Objectives 
External 
Information 
DECISION 
SYSTEM 
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Figure 13: Design system model IGirard, 991 
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The technological system describes the transformation of the requirements to the product 
definition and the processes of manufacturing. The technological system uses human, 
materials and information resources and is structured by "design centres" (Figure 14). A 
"design centre" is a group of actors carrying out design activities to reach specific 
objectives during the project. 
The "decision system" ensures design coordination and is the location of decision taking. 
Decisions are then transmitted to the "technological system" in order to synchronise the 
activities in the "technological system". The "decision system" is composed of "decision 
centres" with various levels. A "design centre" is managed by a "decision level" which 
defines a design frame with design objectives, necessary skills, required resources 
(financial, human, material, and information), and the performance objectives in order to 
evaluate periodically the activities of the "design centre". The "technological centre" 
provides feedback to the "decision centre" on the evolution of the product knowledge and 
on the progress of the product development activities. 
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Figure 14: GRAI R&D model [Girard and Doutneingts 2004a] 
In the GRAI method, the concepts of "horizon / period" group the "decision centres" into 
"decision levels" [Doumeingts 1984]. The "horizon" is the time during which the decision 
is available and "period" is the date until which the decision may be updated. This concept 
classifies the decisions taken with temporal criteria according to three categories: 
- Strategic decisions (long term) deal with the policies and the strategies of the 
companies. They define the orientations and the objectives for the design, 
- Tactical decisions (medium term) deal with the organisation and the resources to 
provide in order to reach the objectives, 
55 
Chapter 3 Literature Review 
- Operational decisions (short term) deal with the implementation of the design 
activities. 
This time categorisation is completed by another criteria: the functional objective of the 
decision. Three functional objectives are used to improve the classification involving 
decisions on: 
- Information flow, 
- Management of capabilities (skills, resources, materials... 
- Synchronisation between information flow and abilities. 
The "decision centre" is defined with a decision level and with a functional objective. For 
each decision level, six "decision centres" are identified in accordance with the functional 
objectives of the decisions. These functional objectives of the decisions are [Girard and 
Doumeingts 2004a] (Figure 14): 
- Manage product knowledge, 
. Synchronise design methods, 
. Manage needs, manage project information, 
. Synchronise design projects, 
- Manage resources. 
Decision centre: the various activities of the "decision centre" [Doumeingts 1984] are 
defined by the associated "decision frame' (variables and limitations of the decision), the 
result of each decision making process, and by the information used to take decisions. 71be 
concept of "decision frame" is used to coordinate the "decision centres". A "decision 
frame" is defined by: 
- The decision objectives, 
- The decision variables used to defirie the actions to carry out, 
- The constraints linked with the decision variables, 
- The criteria used to choose the decision variables. 
The operational definition of these elements is defined at each decision level. Ile 
organisation of the technological system is closely linked to the decision levels. Each level 
coordinates a part of the technologic system, called a "design centre". The coordination is 
based on the decision making [Duffy, et al. 1997] by using predictive models of the system, 
in order to estimate the final "value" expected. It is necessary to evaluate the design 
performance to support the decision making [O'Donnell and Duffy 2001] [Haffey and 
Duffy2001]. 
Tle main goal of the "design centre" is to reach the expected design objectives according to 
the "decision frame". The "design centre" is a space where the product knowledge is 
transformed from its initial state to the final state. This transformation is defined by a model 
of the design processes and a product model based on product knowledge [Eynard 1999]. 
The final state is reached when the objectives expected in the "design centre" are achieved. 
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The "design frame" which coordinates the "design centre" is defined by the following 
elements: 
- The design objectives defined for the design centre, 
- The skills including knowledge, methods, processes and technology needed, 
- The performance objectives to check the progress of the project (like milestones, 
expected values), 
- The resources needed to reach the objectives: human (designers), materials, 
founding, lead-time etc... 
Designers are the human resources assigned to the design centre to complete the expected 
objectives. The human resources in the "design centre" could be a project team or a single 
person. 
This GRAI R&D model is the basis for the definition of the theoretical aspects of a project 
named IPPOP. Thus, in the IPPOP project the specifications for a model of coordination 
are defined in order to implement a tool for project management based on Product, 
Processes and Organisation. The IPPOP project is based on an integrated model divided 
into three sub-models: product model, process model and model of coordination decisions 
[Nowak, et al. 2004]. 
As we can see in Figure 15, in this IPPOP Project, a product model (the left circle) is 
proposed to formalise the technological knowledge about product (function, structure, 
behaviour, expert view, ). This model is related to existing CAD models, and can be used by 
the designers from its semantic definition level to its geometrical definition level. 
A process model (the middle circle) is proposed to represent the activities of actors. This 
model ensures that the design logic is followed and stored for further use (both re-use and 
evolution) by the project managers when evaluating design processes. 
Finally, the modelling of coordination decisions (the right circle) supports the structuring of 
multi-level projects with the external and internal objectives of the enterprise. 
The models are implemented in a prototype which can be used by the designers (see in 
section 3.4.3 for IPPOP prototype explanation). 
This work has been defined in a general context of design coordination. It must be adapted 
to SMEs but some aspects appear to be useful: for example considering that project 
evaluation is based on integrated aspects from product, process and organisation points of 
view; or process traceability in order to be able to evaluate and re-use it which is a key 
point for analysing collaboration and understanding how coordination can influence it. 
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Figure 15: Integrated model IPPOP 
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3.3.1.3 Management of design projects 
The global approach to managing design projects is based on the coordination of the main 
design situations which will occur in the project with a project plan. For each design 
situation, the project manger has to define the resources (human, financial and technical), 
constraints, objectives and performance indicators to reach the expected objectives in order 
to be reactive in the face of any design situation [Merlo 2003]. This approach is supported 
by various models with the main elements influencing the design in order to manage design 
projects. In this section 3.3.1, it has been seen that the model of "Design Coordination 
T'heory" (in section 3.3.1.1) is very complex to support the management of projects in an 
SME, and that a more global model as the GRAI R&D model is more complete and easy to 
be applied for supporting this management. Indeed, the GRAI R&D model with the global 
(decision centre) and local (design centre) elements of the design system lead to the 
definition of different design situations in order to manage projects. And finally, the 
integrated IPPOP model with the process and product models help the project manager to 
have a global but pertinent view of the design results. Nevertheless, nowadays, design 
results alone are not sufficient to evaluate the performance of design. Indeed, design 
performance can be improved by the study of the interactions between product, processes, 
organisation and actors which do not have a direct impact on the design results. The GRAI 
R&D model aims to characterise the global framework of the design decision making, but 
the division into design centres is a macroscopic view of the design system and does not 
offer a detailed description of design activities. Thus, the GRAI R&D model must be 
enhanced to obtain one where all the factors influencing the collaborative activities and the 
design processes are included. These factors are: 
. Factors from the global design context, 
. Factors from the organisational structure of the company, 
- Factors from the product definition stages 
. Factors from design process progressing, 
- Factors from the actors themselves. 
All these models will be a basis for the description of the coordination mechanisms in 
design situations. 
3.3.2 Project management by project leaders 
In an SME, the main task of project managers consists of the coordination by organising 
and scheduling the project around an appropriate structure [Pol, et al. 2005b]. [Coates, et al. 
2000] suggests that task management, and scheduling together with resource management 
are the most important issues when it comes to operational coordination. The project 
manager defines objectives and allocates resources (human and material) to the various 
59 
Chapter 3 Literature Review 
tasks. He defines milestones to synchronise the progress of each person's work. However, 
this implies that the design process can be rationalised and organised using a prescriptive 
approach. In an SME such a prescriptive approach exists at a global level, but, at a detailed 
task level, actors have only objectives and milestones and they manage their tasks by 
themselves. In this case, respecting deadlines is the main performance target. The project 
manager must ensure that the results of everyone involved in the design phase converge and 
do not interfere with each other. According to integrated design methodology [Tichkiewitch 
1996] models, tools and methods must be developed to control the exchange and sharing of 
data during the design process in order to reduce risks of redundant or contradictory data 
and to facilitate effective collaboration. 
The main ability of a project manager is leadership in managing design projects. In order to 
support the basic needs of a social system, three main types of requirements must be 
distinguished for leadership activities [Badke-Schaub and Stempfle 2004]: 
- Content-related requirements (25% of time): encompass all activities to 
accomplish the task and to solve the given problem. 
" Goal elaboration: formalisation of goals and decisions related to goal and 
task clarification. 
" Solution development: Discussion and selection of solutions in a supervising 
function. 
" Analysis of failures: Diagnosis of sources of failures and development of 
alternatives. 
- Process-related requirements (50% of time): In order to successfully solve a 
problem the leading function does not only deal with the design task itself, but must 
also direct parts of the leading activities to structuring and coordinating people and 
processes. 
" Scheduling processes: Scheduling activities related to the coordination of 
who, what and when. 
" Monitoring processes: procedures of monitoring and controlling processes 
and people. 
" Allocation of different kinds of resources such as money, people, material. 
- Relation-oriented requirements (25% of time): Leading activities also concern 
aspects of goal attainment, that is to pursue goals with or without the support of 
others and ensuring the motivation of persons involved. 
" Interpersonal influence: Strategies influencing others pursuing own goals 
and/ or company's goals 
" Processes of detection, analysis and solving opposing positions. 
" Motivating and supporting, rewarding performance, and building 
identification for the company's goal. 
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Leadership is focused on a macro view of the company (human relationship, strategy, 
schedule), but at a micro level the information flow has to be managed properly. 
3.3.2.1 Organisational structure 
The organisational structure of a company is composed of individuals with responsibilities, 
where the relationships between actors are structured by various common actions. From 
this first definition it can be possible to explain in more detail what the organisational 
structure is. The actors involved in the organisational structure are supposed to converge 
towards the goals of the organisation; however the contribution of each actor is difficult to 
evaluate: sometimes, some of them could go against official and explicit goals of the 
organisation. So, the existence of an organisation is not based only on the involvement of 
each actor but also on the achievement of their work for the same official goal. The number 
of participants is not a criteria of existence; an organisation could be 2 or several thousand 
people. Of course, the behaviour of the organisation is different according to the number of 
actors. The boundaries of an organisational structure are not clear, it could have lucrative or 
non lucrative goals, could be official (as in a company) or non official (as with volunteer 
workers), and could produce concrete products or services. 
Various forms of organisational structure are described. in the literature There are the five 
forms of organisation introduced by [Mintzberg 1982], or the four types quoted by 
[Blanchot, et at. 1999]. 
[Mintzberg 1982] proposes a classification of the organisational structure of companies. He 
identifies five mechanisms of coordination: 
- Mutual agreement when the actors of the organisation coordinate their tasks 
themselves in an informal way via simple communications. 
- Direct supervision of a superior on the actors. One person is in charge of the 
actors' work. 
- Standardisation of processes, indeed, the detailed definition of formal rules on 
the processes of work. 
- Standardisation of results, with the definition of objectives. The results are 
specified but not the method to reach them. 
- Standardisation of qualifications, it is the use of specialist persons to complete a 
task in order not to standardise the processes and the results. 
Moreover, Mintzberg describes five forms of organisational structure where, for each one, a 
mechanism of coordination predominates. 
- Simple structure, based on direct supervision. It is mainly for small structures 
and supervised by the director. 
61 
Chapter 3 Literature Review 
- Mechanist bureaucracy, based on the standardisation of processes. It is 
principally found in old and large companies with a high level of formalisation of 
work. For example, large manufacturing units with an unskilled workforce are 
representative of this form of organisational structure. 
- Professional bureaucracy, based on the standardisation of qualifications. It is 
the opposite of the mechanist bureaucracy, where power is given to the workforce 
because this workforce is qualified, and has responsibilities. Examples might be 
doctors in hospitals or professors in universities. 
- Divided bureaucracy, it is based on the division of the company into 
departments where each department has autonomy and is managed by objectives. 
- The "adhocracy" based on the mutual agreement mechanism. It is used mainly 
in complex and fickle environments, where standardisation is not effective. The 
structure of the authority is not well defined with a low level of formalisation, and 
with ad-hoc structure defined only to carry out a specific task. 
However various other classifications have been proposed to define the forms of 
organisational structure, [Blanchot, et al. 1999] proposes four forms of organisational 
structure: 
- Quality organisation, where Quality is used not as a tool but as the outline of the 
company management. This approach fosters the auto-responsibility and autonomy, it 
is opposite to the classical and hierarchical management. 
- Partner organisation, it is an organisation oriented towards subcontractors in a 
context of "extended company" when the company involves its contractors, 
subcontractors, and partners in its processes. 
- Network organisation, to foster the work in network between actors, teams, 
departments or companies in order to become more efficient and not to stifle 
emergence of innovation. It is, for example, present in the automotive field between 
manufacturers and their network of subcontractors, research laboratory and 
contractors. 
- Skill organisation, this organisation is based on particular strategies to manage 
actor' skills in order to learn new knowledge or know-how through the network of 
actors. 
These sorts of transversal organisations are usually used to manage the development of new 
products [Tarondeau and Wright 1995] with teams composed of multidisciplinary and 
autonomous actors [Clark, et al. 1988]. A transversal organisation is a group of actors from 
various departments, organisations or companies. Thus, most of the time, these 
organisations are composed of multidisciplinary actors. The transversal organisations used 
in projects often overlap with the global organisational structure of the company. Therefore, 
in transversal organisation, the final result will not depend on the skills of one person or a 
group of persons but will mainly depend on the quality of the interactions between actors. 
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From this observation [Bourgeon 2000] defined a hypothesis and rules to assess the form of 
organisation used during design projects. [Brion 2000] demonstrates that access to 
information must respect these principles of autonomy and transparency in order to 
establish mutual trust and understanding of the work to improve the individual involvement 
in the project. 
Nowadays companies are reconsidering the organisation with fixed departments; this form 
of organisation is too rigid and cannot adapt products or services to the client's 
specifications. Now the "distributed company" (company which integrates client, 
contractors, partners, subcontractors in its product development processes) develops a new 
organisation named "transversals" based on the management of processes, and the 
management of networks of actors. These "transversals" organisations oppose the 
traditional notions of boundary between the forms of organisation. The company must 
become flexible, and adapt its organisational structure to manage skills and knowledge. 
This model of company is an idealised model, but it shows the evolution of the organisation 
in progress. 
Consequently these new forms of organisation have a favourable impact in design projects 
because they foster multidisciplinary exchanges between actors, the relocation of the 
decisions from the director to the actors [Prasad 1997]. The main difficulty will be to 
organise actors and to use the right form of organisation according to the design situation. 
Organisational structure is one of the main concerns of companies. According to [Blanchot, 
et al. 1999], there have been more and more organisational changes during this decade: It 
was observed on the one hand "the explosion of organisation boundaries ", with the end of 
the supremacy of the hierarchy and an opening towards the exterior. On the other hand 
"transversal management", with the creation of transversal functions, management by 
processes, and the coming of collaborative projects. Thus it was observed that there was a 
transition from "the pyramidal structure to a form of horizontal coalition" [Batazzi and 
Alexis 2000]. 
Two forms of organisational change exist [Derumez 1998]: 
- The brutal/prescribed change: with a clear vision of the future actions, a detailed 
definition of the element to change in the organisation, the key actors as leaders and 
heads who make adequate decisions are identified and involved in the project of 
organisational change, 
- The construct/progressive change: with an unclear vision of the future situation, 
with a framework to manage the changes, a real desire to have a new organisation, 
with freedom of action in order to foster creativity and autonomous behaviour. 
Generally, concerning organisational change, actors accept a new form of organisation 
when they find a personal interest in it. As we saw in the section 3.2.2; an organisational 
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structure accepted by actors is one of the main parameters to assure the creation of a shared 
framework to support collaborative exchanges. The involvement of actors during the 
change process assures the elaboration of personal models and methods in order to 
collaborate during future projects [Franchisteguy 200 1 ]. 
However to define the right organisational structure in a company, negotiation with actors 
about the project in progress is not sufficient; heads of the company must be involved in 
this process in order to link the organisational choices to the strategy of the company. 
[Franchisteguy 2001] presents a plan with steps to manage the organisational change: 
- Construction: To encourage actors to abandon their reflexes, forget their habits, 
modify their vision of the environment in order to become ready to consider new 
modality of organisation. 
- Reconstruction: Apply the changes, test and adapt the change proposed. An 
external aid such as research laboratories could be beneficial to assist the 
organisational change. 
- Stabilisation: To consolidate the modified state and the organisational strategy. 
This step is essential to perpetuate the new organisation. 
To manage the organisational change, the objectives have to be defined for short, medium 
and long term, with accuracy to clarify the adequate resources. Ile reorganisation work 
must be organised as a project, with the definition of missions, multidisciplinary groups, 
and responsibilities (inside the group as well as between groups). The reorganisation could 
be followed by an external intervention in order to keep a new point of view on the 
reorganisation progresses, with neutrality in a framework of action-research. These three 
steps must be managed as a project with the same tools to manage a project. Heads of the 
company must drive changes, and verify that a shared framework with a common language 
and vocabulary is defined. 
An adequate organisation is one that can handle the unpredictable nature of the design 
process. This adaptation is based on the autonomous constitution of transversal networks of 
actors through the company to collaborate together [Legardeur, et al. 2004b]. Moreover in 
order to organise a structured design process it is possible to use workflow and lifecycle 
tools. Nowadays all the classical forms of organisation seem to be replaced by transversal 
organisations managed by processes and actor networks without a fixed definition of the 
boundary between departments. Human factors with the notions of knowledge, skills 
[LeBoterf 1998], or actor network [Legardeur, et al. 2001] are essential to study and thus to 
improve collaboration in design projects [Dameron and Fonquernie 2000]. 
The identification of the organisational structure used by actors in a given situation is a 
factor for improving the management of the design project and collaboration [Girard, et al. 
2002]. 
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3.3.2.2 Design management concepts 
Traditionally, the design process is carried out by a continuous and sequential transfer of 
information from the definition of the needs toward the detailed design. From this 
sequential process, errors can spread through the process. These errors are detected only in 
the downstream steps of the process, or even during the manufacturing. It is in this context 
of misunderstanding between design practices that the notion of concurrent engineering 
emerges. The main field of application of concurrent engineering is in the activity of 
product design [Tichkievitch and Brissaud 2000]. 
The main objective of the concurrent engineering approach is to reduce significantly the 
lead-time and the time to market of products [Whitfield, et al. 2005]. This approach takes 
into account, from the early phases of design, the whole lifecycle of the product. 
Concurrent engineering is based on the simultaneity and parallelism between the different 
steps of the product development process [Sohlenius 1992] with the desire to converge 
towards the same objective. This notion of concurrent engineering could be called 
Gcsimultaneous engineering7' or "integrated engineering". All through this thesis, 
"Concurrent Engineering" is used to refer to these three notions of simultaneity, 
concurrence and integration of activities in the product design project. 
Nowadays, various authors from industry and research fields have studied this notion of 
concurrent engineering. Many more or less precise definitions have been put forward by 
authors [Clermont 1998], [Boudouh 2000]. From all these proposed definitions, a 
complementary one emerges: 
Concurrent engineering is a global and systematic approach of the company, based on the 
simultaneous and integrated management of the product life-cycle, where multidisciplinary 
actors work together towards the same goals of cost-quality-lead-time. The main 
characteristics of concurrent engineering result from this definition: 
- Achievement of design activities in parallel, 
- Integration of the requirements of the downstream activities during the upstream 
activities, 
- Setting up of multidisciplinary team involved in the product development 
projects, 
- Optimisation of the existing processes of development, mainly in design methods 
and management of the manufacturing. 
In this field of design, the main interest of the concurrent engineering approach is the cost 
saving, improvement of the product quality, and the reduction of the lead time 
[Dowlatshahi 1992], [Dowlatshahi 1994]. Indeed, the integration of the downstream 
activities with the early phase of design allows the early detection of errors in the product 
design. The qualities of products are improved, the supplementary costs due to 
modifications are removed, and the time to market is reduced. Consequently, the company 
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fulfils its commitments taken on in the specifications phases and decreases its global cost of 
production. 
3.3.3 Synthesis on coordination 
In this "Coordination" section, we have seen that the global approach to managing design 
projects is based on the coordination of the main design situations which occur in the 
project with the definition of a project plan and design processes. According to [Tarondeau 
1998] processes in design are sequential or parallel activities organised in a network, where 
multidisciplinary resources, skills or actors are involved in order to manufacture an output 
which increases in value. For each design situation, the project manager has to define the 
resources (human, financial and technical), constraints, objectives and performance 
indicators to reach the expected objectives in order to be reactive in any design situation. 
This approach is supported by various models based on the main elements influencing the 
design in order to manage projects. It has been seen that models only based on design 
processes are too limited to manage projects, and that a more global vision is necessary to 
support this management, such as the vision given by the GRAI R&D model. The model of 
coordination presented in section 3.3 entitled the GRAI R&D model is based on the global 
(decision centre) and local (design centre) elements of the design system which lead to the 
definition of different design situations in order to manage projects. The process and 
product models help the project manager to have a global view of the design results. 
Nevertheless, nowadays, design results are not sufficient to evaluate its performance. 
Indeed, design performance can be improved by the study of the interactions between 
product, processes, organisation and actors which do not have a direct impact on the design 
results. The GRAI R&D model aims to characterise the global framework of the design 
decision making, but the division into design centres is a macroscopic view of the design 
system and does not offer a detailed description of design activities. Another model has 
been defined in the IPPOP project for implementing the main coordination principles from 
the global GRAI R&D model of the design system. In this IPPOP model, the main notions 
of the GRAI R&D model are used and adapted to the industrial context and these notions 
are integrated with Product, Process and Organisation notions. The IPPOP model leads to 
the implementation of a prototype to manage design coordination and project management. 
These models characterise the main notion of coordination used to manage projects. 
Moreover, these models can be adapted to this research context by adding a detail 
definition of collaboration aspects and improvements at the coordination level. 
Nowadays all the classical forms of organisation seem to be replaced by transversal 
organisations managed by processes and actor networks without a fixed definition of the 
boundary between departments. Human factors with the notions of knowledge and skills 
[LeBoterf 1998], or actor networks [Legardeur, et al. 2001] are essential to study 
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collaboration in order to improve coordination in design projects [Dameron and Fonquernie 
2000]. Ile main difficulty will be to organise actors and to use the right form of 
organisation according to the design situation. 
In design coordination, design process modelling is essential to represent the process with 
the main activities, milestones, responsibilities and schedule in a context of concurrent 
engineering. This modelling formalises the design and allows the forecasting of future 
activities and problems in order to manage them earlier in the design process. However, it 
is possible to model the main activities at a "macro" level with the defined design team and 
fixed deadlines. Nevertheless it is very difficult to define in advance this process at a 
"micro" level, because the activities, actors and responsibilities depend on the individual 
characteristics of the product (materials, number of units, workload), client (specifications, 
norms ... ) and situation (financial, politics, partnership ... ). Thus at a "micro" level it is 
difficult to define the design processes in detail. In this domain, authors like [Van-der-Aalst 
2001], [klingemann 2000] propose the use of local workflows to represent these "micr6" 
activities by keeping flexibility in their management. 
We have seen in section 3.3 that design processes need to be defined in detail, with enough 
flexibility to allow actors to collaborate and remain reactive to design changes occurring 
during the project. Thus coordination of projects needs also to take into account the 
collaboration aspects in order to understand how actors apply the prescribed coordination, 
to detect the design mistakes which originate from collaboration and to anticipate the ftiture 
collaborative practices used in design activities. 
3.4 Information systems for collaboration and coordination 
"The lack of software usability and the poor design of programs are the secret shame of the 
industry" says [Winograd 1996]. Software design sits at the crossroads of all the computer 
disciplines: hardware and software engineering, programming, human factors research, 
ergonomics. It is the study of the intersection of human, machine, and the various interfaces 
(physical, sensory, psychological) that connect them. 
In this research context, an information system is defiried as every system which assists the 
actors of the product design to make decisions. In this section 3.4, an overview is made of 
the pertinent information systems used in product design. Thus, much research aimed at 
developing tools to support collaboration is described, such as CSCW (Computer 
Supported Cooperative Work), PLM (Product Lifecycle Management) tools [Johansen 
1991], [Pol, et al. 2005c] or specific tools like IPPOP or ID2. Such tools support 
coordination between actors in projects by sharing a framework composed of the same 
language, objectives, methods and tools. 
Collaboration and coordination systems are used in all the states of the product life-cycle. 
The information flow is managed by PDM, PLM systems; the equipment flow is managed 
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by ERP (Enterprise Resources Planning) systems. All around the product, a simplified 
product life-cycle (Figure 16) begins with the definition of the customer's need and 
specifications, then the product design and manufacturing is defined and finishes by tile end 
product and its shipping. CSCW systems may be used by every department and in every 
state of the product life-cycle. At a global view, the scheduling systems plan every step of 
the product development in detail in the global project plan. 
ENGINEERING SYSTEM (for design) 
Methods Scheduling 
Design 
Purchasing 
Manufacturing 
PRODUCT 
Marketing 
Assembly 
Maintenance Sales 
MARKET-USE 
RECYCLING 
MANUFACTURING SYSTEM 
Figure 16: Product life-cycle with departments and systems 
In the field of research prototypes, various studies intend to encompass all these system in a 
global one in order to limit the number of systems used and to improve the communication 
(information transfer) between all these systems. The prototype IPPOP prototype [Girard, 
et al. 2002] [Nowak, et al. 2004] is one of these types of system. 
3.4.1 CSCW 
CSCW means Computer Supported Cooperative Work. CSCW encompasses all software 
and hardware for shared interactive frameworks [Yoon. et al. 2004]. These systems build a 
multimedia environment to support cooperation within the engineering team [Gonzalez and 
Mark 2005]. The main tools of the CSCW domain are: web mail, discussion forum, shared 
database, information flow management, collaborative tools (Figure 17)... The main 
objective is to support communication, coordination and collaboration in projects. 
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Figure 17: Main tools of CSCW systems 
The main functionahties supported by the CSCW systems are [Johansen 1988]: 
- Communication between actors: for the distribution, collection, circulation and 
exchange of documents (see chap 3.2.4, Figure 7); 
- Coordination for scheduling: a shared diary enables every actor to be aware of the 
other actors' diaries, to allocate actors to a task, to book resources (room, 
computers ... ), to manage projects; 
- Collaboration sets in place a shared framework to share objectives, to consider 
actor's interests, to inform each other on their progress [Ju, et al. 2004]; 
- Collective memory are databases used to store information for a long time, this 
information is semi-structured: part of it is structured for its categorisation and its 
reuse, and another part composed of the data formalised and shared by people is not 
structured, 
- Automation of the administrative processes with the definition of the processes. 
objects, activities, actions and actors; the circulation of objects; and with the 
launching of actions or applications. These processes are the origin of the workflows 
concepts used in PLM systems [Rueckel, et al. 2006]. 
One category of CSCW systems focuses on the management of electronic documents; these 
are called EDM (Electronic Document Management). EDM systems are often used in 
administrative activities to manage documents. These tools store a large amount of 
electronic documents, foster re-use by sharing these documents, secure the access to the 
documents, and reduce mistakes in document management (copying, circulation, 
recording ... ). EDM systems are often integrated into the information system of a company 
to manage, store, search, display, and distribute documents. Thus, EDM systems ensure 
documents are up to date, classified, and unique. These CSCW systems are generally used 
in design to ensure the collaboration between actors as for video conference, mail or shared 
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diary functionalities... They help actors building a shared common framework that will 
facilitate collaboration during projects. 
3.4.2 PLM / PDM systems 
Nowadays, companies are focused on continuous product innovation and process 
improvement in order to reduce time to market and to decrease development costs. 
Ensuring the coordination of the whole development of a new product is a challenge for 
managers at the different levels of such kinds of projects, especially for SMEs [Filson and 
Lewis 2000a]. PLM (Product Lifecycle Management) systems support the management of 
product data and for a company the main issue is the implementation of such a system and 
the adaptation of such systems to the company. 
Managers must take into account the mapping between industrial needs in product 
development process management and the available functionalities of PDM (Product Data 
Management) systems. A PDM system manages and stores product data and related 
documents according to the design, manufacturing and support phases of the product 
development process. Many other functionalities are available in order to take into account 
specific needs or viewpoints from the whole company (e. g. classification, integrated views 
of the Bill of Material, etc. ) or to manage projects [Saaksvuori and Immoen 2004]. 
The management of the product definition lifecycle is not a new concept. Effectively, this 
concept has been around for many years. However, in industries this concept of lifecycle 
has been improved with the combination of various new technologies and approaches that 
facilitate the collaborative work in extended companies. 
Historically, PDM has been the main technology using this concept of lifecycle. The aim of 
PDM systems is to provide an enterprise-wide infrastructure to support management of the 
product definition in design engineering. 
In the 1980s, PDM was mainly used to manage the CAD files with a database, and was 
restricted to use in engineering departments. This first use of PDM systems for CAD file 
management led to the requirement of new technologies to manage data and 
communication. Thus, extra functions were added to manage data and communication in 
order to expand the initial capabilities of existing PDM systems. 
Industrial evolution obliged PDM systems suppliers to expand their range of action from 
the engineering department to the whole extended company (including sub-contractors, 
customers, and suppliers). In the 1990s, more sophisticated functions are implemented to 
address new issues such as change control management, configuration management, and 
visualisation. During this period the PC became the main platform. 
The advent of the Internet and Web-based tools has changed the use of PDM systems by 
enabling the implementation of new technologies and processes to facilitate real-time, 
synchronous collaborative working between actors in extended companies. With these 
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technologies, a full management of the product definition lifecycle in extended companies 
is possible. 
In the 2000's the PDM systems evolved towards PLM systems. PLM systems are intended 
to support product data structuring and management throughout the product development 
process with additional ftinctionalities and integration with other systems. According to 
[ClMdata 2001] they manage information through document management and especially 
product data evolution using predefmed workflows [Liu and Xu 2001]. The previous PDM 
systems are the core of the new PLM systems and various new functionalities are 
integrated. Actually PLM systems are often based on Internet-based technologies and offer 
groupware-like functionalities [Eynard, et al. 2002] for collaboration between actors. 
PLM systems can be characterised in terms of their main functionalities (Figure 18), 
generally achieved by integrating several tools [CIMData 2002]: 
- The PDM tools provide the possibility of generating customised views of product 
information for different users, enabling the definition, comparison and management 
of different product views (the so called Bill of Materials - BOM) and their related 
information, such as, for example., the BOM As-Design, BOM As-Manufactured, 
BOM As-Build and As-Maintained. Moreover, PDM systems include specific 
functions as the management of product data validation process, functions similar to 
collaborative tools (CSCW) e. g. emailing or conferencing, and internet-based portal 
functions (diffusion, internet, extended company and lifecycle management. 
- The Data Vault and Document Management provide then a mechanism for a 
secure storage and retrieval of all the product definition information, whilst the 
Workflow Management controls the interactions of people with this information: in 
fact, this automatically routes work from one stage to the next. In PLM tools, the 
workflow techniques enable the management of the ECR/ECO/ECN (Engineering 
Change Request/Order/Notice) processes. 
- The Project Management tools coordinate the framework of a project that deliver 
a product to the market. It provides work breakdown structures and allows resource 
scheduling and project tracking. 
- The integration with common tools used in design and manufacturing such as 
CAD, ERP and office suites applications is generally provided by PLM systems. The 
quality of this integration depends on the relation between PLM system and these 
external applications. For example, a CAD system and a PLM system implemented 
by the same editor have a native integration (like Windchill and ProEngineer). 
Nevertheless, when the external application is implemented by another company, the 
integration becomes more difficult and requires extra IT work to make the connection 
between them. 
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- The expert tools can be implemented and linked with PLM systems in order to 
achieve a specific objective and share their own specific information. For example a 
CAM system is an expert tool that may be integrated to a PLM system. 
PDM tools: 
- Configuration Management 
- Document management 
- Lifecycles / Workfiows 
Project 
framework tools 
PLM 
Data vault 
- Product structure 
/N CAD, ERP and Expert tools 
office suites integration 
- Part management 
- Visualisation 
- Graphics services 
Figure 18: PLM environment 
The management of projects and the necessity for traceability, standards, and other 
administrative requirements leads to a significant volume of document management 
activity. So it is almost unavoidable for a company to implement a tool in order to assist 
actors in data and process management. At this step the question appears of what sort of 
tool is more convenient for the company situation, a specific or generic one? A specific tool 
is burdensome in terms of resources: the IT skills must be present in the company otherwise 
the company must hire either a computer scientist or set up a whole IT department 
(according to the size of the company) to manage these systems. It takes a long time to 
implement such tool and people in charge of its maintenance are indispensable, both in 
order to solve problems which occur during its daily use and to customise the tool 
according to the specific situation of the company. However, such a specific tool must be 
configured to have its desired functionalities in accordance with the specific context of the 
company. 
However, implementing a generic PLM tool is burdensome, difficult, and expensive. In the 
case of SMEs the costs may be reduced by a better data management and formalisation of 
the validation processes, but generally the match between company needs and the 
configuration of the PLM tool is not complete. Moreover, a PLM tool cannot manage the 
global process of a project because it only manages documents and their validation. It may 
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be possible to add extra specific tools which are integrated or at least can exchange data 
with the PLM tool. 
Before any onerous PLM tool implementation there are prerequisites that must be 
addressed to create a favourable situation, to ensure a successful outcome [Pol, et al. 
2005b] and to reduce significantly the cost of the implementation by reducing the 
implementation time and the number of testing iterations. These prerequisite tasks are 
focused on the organisational structure of the company, its design project process 
management and its product data management [Pol, et al. 2005a]. Most of the time the 
implementation of these prerequisites leads SMEs through reorganisation before the final 
implementation of an IT system [Crowder, et al. 20031. Nevertheless, during the 
implementation of the prerequisites it is essential to keep enough flexibility in design 
processes to foster collaboration between designers in order to not stifle the emergence of 
innovation [Pol. et al. 2005d]. Flexibility can be introduced before and during the 
implementation of the prerequisites and later during the implementation of the tool. As an 
example; flexibility can be introduced by a PLM tool through management of the validation 
processes of documents [Gzara-Yesilbas 2005]. With this approach, some tools and 
methods aim to assist integrators in carrying out these prerequisite tasks. As for tools, the 
internal tool from PTC1, named PDS assessment, uses interviews with actors to define the 
tasks to implement the PLM system in the company as well as possible. As far as methods 
are concerned, a methodology for PLM implementation is presented later in section 6.2.1. 
3.4.3 IPPOP prototype 
During the IPPOP project a prototype was implemented in order to test and improve the 
model presented in the section 3.3.1.1 The resulting cooperation and collaboration 
information system ensures internal integration (technological knowledge and coordination) 
and external integration (market software). 
The description of the design process is based on a global description of the design system 
at the level of strategic decision making. Strategic project managers have to define the 
general functional structure of the product in order to identify which design departments 
have to work together. The global structure of the product depends on the decision and 
organisational structure of the company. The structure of the company is based on the 
definition of GRAI grids for each plant of the enterprise which is modelled in the IPPOP 
software (Figure 19). That pen-nits the identification of relationships and influences 
between each plant and each department of them. So, the strategic decision level has to 
define global objectives of the design, interoperability and collaboration between 
departments. This step allows the identification of action levers that could influence the 
1 PTC: Parametric Technology Corp with PLM (Windchi IITM ) and CAD (Pro/Engineer) systems. 
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system. Then objectives and performance indicators, deduced from action levers, can be 
deployed to the lower levels of decision [Robin, et al. 2005]. 
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Figure 19: Example of IPPOP GUI on decision-making at a strategic level 
Generally, CAD concepts originate in 3D solid modelling with geometrical functions. A 
direct relation does not exist between a product's geometrical descriptions (based on 
entities) and its functional, structural, technological or behavioural descriptions that are 
provided by the designers from design requirements. The developed demonstrator 
(implemented in the IPPOP project) extends the usual CAD modelling domain to that of 
modelling all product representations along its lifecycle [Charles and Eynard 2005]. 
The knowledge coming from either past projects or expert views has not yet been supported 
by operational software adapted to the practical work of designers. The IPPOP 
demonstrator may provide an answer by extending the current PDM tools. 
In the IPPOP project the concept of collaboration is taken into account through the 
management of conflicts between actors [Lombard, et al. 2005], [Robin, et al. 2004]. This 
module is named C02 med (an acronym for Collaborative Conflict Management in 
Engineering Design). When an actor detects a conflict, he creates a project (with the class 
"Project"); he describes the conflict, and invites experts to solve the conflict. By iterations 
(class "Iteration") each expert can propose solutions (class "Resolution it"), and can vote 
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for solutions (classes "Vote Request" and "Vote it"). When a solution is validated, the actor 
can close (class "Closure it") the conflict (see Figure 20). 
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Figure 20: Static and dynamic specifications for conflict handling 
[Lombard, et al. 20051 
This C02 med module is useful in managing collaboration by conflict. However, this module 
is not sufficient to characterise every type of collaboration (as explanations, information 
requests, or technical decisions ... ) in project management. 
3.4.4 ID 
Nowadays, one of the main objectives in design is to foster multidisciplinary collaboration 
among actors who have different points of view and build different representations of the 
product during informal phases. This point implies the development of new way of' 
interaction between actors taking into account their differences of culture due to their 
domain of expertise (design, manufacturing, marketing, sales, etc. ) [Legardeur, et al. 2005]. 
The literature study shows up a certain lack of tools offering help during these preparatory 
phases, however, a web-based tool has been developed by [Legardeur, et al. 2003] named 
ID2 (Innovation Development & Diffusion) designed to be used with a view to improving 
the following points: 
- Building a common representation of the new ideas, 
- Setting up a network of actors, 
- Distributing information in an infonnal context, 
- Fostering interactions between participants for consolidation of ideas, 
- Providing a project guide, 
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- Leaming and recording experience during the project. 
The general objective of this tool is to propose a support for the emergence of innovation 
within the organisation. More precisely ID 2 aims to support the strategy of a pilot actor in 
order to foster the development of new ideas and concepts. A pilot actor is an actor who has 
a new idea or concept in mind and who intends to evaluate this idea or concept with other 
actors. The pilot actor is the person who holds the new idea. ID 2 is not oriented towards the 
generation of new ideas but its use is complementary to creativity methods such as TRIZ 
[Altshuller 1999]. ID 2 is rather oriented toward the synthesis and the sharing of information 
about new proposed concepts and provides a support for new idea developments by 
proposing a platform for negotiation. For this aim, a web tool is proposed and designed to 
assist the pilot actor with his/her strategy by taking into account the different points of 
view, rationale and reasoning of the other actors involved. 
The heart of a project on IDI is based on the Concepts and Criteria Table (CCT), see Figure 
21. This table displays an example of a summary of all the information concerning a 
project. The existing solution, in the first column, is compared with the innovative 
proposals, in the following columns, against a number of evolving design criteria (rows). 
The pilot actor can invite a number of network actors with different expertise to help 
provide the data to validate the innovative proposal, so that the different points of view and 
areas of expertise can be compared. The idea is to provide a shared support tool enabling 
each actor to specify and explain his/her assessment criteria for the solutions. Thus, the 
structure of the table is dynamic and each actor can put forward new criteria (and thus new 
lines) as the project progresses. The criteria and information are therefore open to public 
viewing and discussion throughout the network. 
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Figure 21: The Concept / Criteria Table of ID 2 [Legardeur, et al. 20051 
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ID 2 supports informal collaboration between actors during the early phase of design in 
order to discuss and promote the emergence of new design ideas [Legardeur 20011. ID 2 
obliges actors to have more informal exchanges and fosters a more informal form of 
collaboration. These informal exchanges are structured and recoded in order to promote 
new design ideas. The results recorded in this ID 2 tool have impacts on coordination aspects 
as for example [Legardeur, et al. 200 1 ]: 
- The selection of the project team. It is better to select actors who have already 
thought of and proposed solutions during the early phase of the project by using ID', 
- The attribution of project role to actors. This attribution can be decided in 
accordance with the comments or the involvement of this actor during the emergence 
of the project idea, 
- The starting of a new project, the coordination of this project will be influenced 
by the information already recorded in ID 2. 
Thus, IDI is focused on the management of collaboration with a large part of informal 
information in the early phase of design. The objective of the management of this type of 
information is to support the emergence of new ideas and to have an impact on 
collaboration by promoting the creation of new projects. 
3.4.5 Synthesis on information systems 
Various tools have been studied in this section 3.4 such as: CSCW, PLM, the IPPOP 
prototype and ID1. These IT systems admit useful aspects to support this research study but 
they have been implemented for a specific context and have specific objectives. 
Much research has been aimed at developing systems to support collaboration such as 
CSCW or PLM systems. Nevertheless these IT systems are generally used in design to 
ensure the collaboration between actors as for the Video conference, mail, shared diary. 
Nevertheless these IT systems do not support the analysis of collaboration in design for 
improving coordination aspects. In other contexts like in the sociological field, the analysis 
of collaboration is usually carried out with surveys, videos or interviews to understand how 
actors collaborate in order to improve the actors' way of working. 
Thus the study of these IT systems leads to the definition of the necessary elements which 
must be tracked, recorded and characterised in order to understand collaboration in the 
context of this research. At the end, and based on these elements; a tool will be 
implemented to help the analysis of collaboration. The objective is to understand how 
actors collaborate during projects not only to improve the collaboration but also to 
understand the consequences of the coordination rules on the forms of collaboration. The 
understanding of these consequences permits the readjustment of the coordination rules. 
Moreover it permits the improvement of various coordination aspects of project design 
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management e. g. a more detailed formalisation of design processes, the introduction of 
flexibility in the design processes, or the improvement of project managers' skills. 
With systems like CSCW, PLM and IPPOP the collaboration between actors is supported 
in projects by sharing a framework composed of the same language, objectives, methods 
and tools. However, the collaborative aspects of projects are not sufficiently taken into 
account by these tools. They act on "what, when, who, for what", but they do not define 
how actors work: are they in synchronous or asynchronous mode, in the same place, and 
with what degree of formality? In fact these IT systems do not address the operational 
functionalities for project managers which would allow them to coordinate and control 
collaborative design processes. Thus, before proposing such functionalities, the analysis 
and understanding of the collaboration in design must be addressed in order to see how a 
project manager might incorporate this aspect into the job of coordinating a project team. 
3.5 Global synthesis 
This research deals with the analysis of collaboration to improve coordination aspects in 
design projects for innovative SMEs. Indeed, in innovative design in SMEs, flexibility in 
design processes is very important to allow actors enough freedom to remain creative and 
to allow the company to remain reactive in the face of design changes. Thus, flexibility in 
the product development processes is necessary to avoid constraining actors in their design 
work and limiting their design choices. Predefined processes (as is the case in routine 
design) are too restrictive for the actors, they prevent the actors from thinking about all the 
possible design solutions and thus stifle the emergence of new ideas. 
We have seen in this Chapter 3 also that, in order to collaborate, the actors have to build a 
shared framework to support their collaboration. An uncompleted shared framework leads 
to misunderstanding and design errors. This environment is characterised by the actors 
themselves, the specific attributes of the product and the project, the design processes, the 
form of collaboration used, the resources (see section 3.2.2). 
In the literature, various relevant elements are used to support the characterisation the form 
of collaboration used by actors during design projects. This characterisation is based on 
criteria like: time (synchronous / asynchronous), location (same location or distant), 
formalisation (formal or informal collaboration), degree of freedom (free, encouraged, or 
forced), and more conflicting or more consensual collaboration. This characterisation 
comes from the literature, and will be completed by the case study in order to add extra 
factors and to have a complete characterisation. 
The global approach to management of design projects is based on the coordination of the 
main design situations which will occur in the project with the definition of a project plan 
and design processes. 'Ibis approach is supported by various models. It has been seen that 
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models with design processes are too limited to manage projects, and that a models of 
design systems provide more complete support. The GRAI R&D model based on design 
centre and decision centre structuring has been described and this leads to a more integrated 
model named IPPOP based on Product, Process and Organisation. These models 
characterise the main notion of coordination used to manage projects. The process and 
product models help the project manager to have a global view of the design results. 
Nevertheless, nowadays, design results are not sufficient to evaluate the performance of 
design. Indeed, design performance can be improved by the study of the interactions 
between product, processes, organisation and actors. 
As described in the section 3.3; the notion of flexibility is very important in design. Design 
processes need to be defitied in detail, with enough flexibility to allow actors to collaborate 
and remain reactive in the face of design changes occurring during the project. Thus 
coordination of projects needs also to take into account the collaboration aspects in order to 
understand how actors apply the prescribed coordination, to detect the design mistakes 
which originate from collaboration and to prescribe the future collaborative practices to be 
used in design activities. 
The coordination of design projects can be lightly supported by various and heterogeneous 
information systems as CSCW, PLM or specific tools like for example IPPOP prototype 
and ID2. In spite of all these systems, many problems of coordination remain. They are not 
sufficient to manage all aspects of coordination and of collaboration in design projects. 
Based on this literature study, some fundamental concepts of coordination and 
collaboration have been characterised. The next step is to support this first characterisation 
with an industrial case study by adding extra criteria in order to represent the concepts of 
coordination and collaboration in project design by models. The description of these 
models is given in Chapter 4. Afterwards a tool to support the analysis of collaboration that 
occurs will be introduced. 
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collaboration 
The aim of this Chapter is to define theoretical models which, in later Chapters will be 
shown to be useful in assisting project managers in their work of coordination of design 
projects in SMEs. The definition of these models is supported by the literature and by an 
industrial case study in an SME. Thus, this definition is illustrated by various examples in 
order to make a link between the theory and the reality in SAEs. 
The first section introduces the specifications for a model of design coordination in SMEs 
in order to draw the context of design coordination and to specify its requirements. 
A secondpart isfocused on coordination modelling and specifically aimed at showing how 
this modelling can help project managers in their work into S1ffs. This model, described 
by class diagrams, characterises all the managed information to coordinate projects. The 
use of1he model in a company and its limitations are detailed, the main limitation concerns 
the lack of input of collaboration aspects into the model of coordination. 
The third part therefore introduces another model specifically for the analysis of 
collaboration in design activities in order to fill the lack of collaboration aspects in the 
coordination ofprojects. Yhus, a model of collaboration is proposed with additionalfactors 
and concepts concerning collaboration. This model of collaboration characterises the 
collaborative mechanisms in design activities. Indeed, it represents the design activities 
with extra collaboration inputs. Moreover, the UAIL formalism used to define the model 
facilitates the implementation of a toot to support this analysis of collaboration. This 
implementation is useful for project managers who cannot use these models with this 
formalism easily. All through this Chapter, various examplesfrom the industrial case study 
illustrate the demonstration. 
4.1 Specifications for a model describing design coordination 
In this part the specifications of a model describing coordination aspects are proposed. The 
specifications are focused on the coordination aspects in project design in SMEs. They are 
based on the literature review and on the work carried out in the SME partner Ederena 
where the company is fully involved in the definition and the validation of these models. 
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First, the actions of the project manager in SMEs are defined. Secondly, for each action, a 
list of information used is given and aggregated by categories and sub-categories. Based on 
this information, theoretical model of coordination is proposed. 
The models are described by various intermediary diagrams represented in the UML 
formalism. 
4.1.1 Design project management in SMEs 
In design project management, the control of design processes can be defined as the 
understanding of existing design situations (in the real world) in order to evaluate them and 
take decisions that will modify and improve future processes, according to design 
objectives given by customer specifications or issued from the company strategy. The 
coordination problem here is a problem of decision-making to support designers in their 
activities [Girard and Doumeingts 2004b] in order for them to achieve an objective in a 
specific context (Figure 22). Each design activity has "input" and "output" information. 
Actors use the "input" in order to produce the "output", and they have "supports" namely: 
human and material resources, knowledge to help them in their work. 
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Figure 22: Coordination of design activities 
For decision-making, project managers need to identify effective action levers to coordinate 
projects and control design performance. Those elements concern designers themselves, not 
just the product or the activities. 
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The project manager has to coordinate various elements in order to reach the objectives. 
The actions of project managers concern design coordination and process control. 
Moreover the situation in many innovative SMEs requires a new analysis and study of the 
customer's needs for each project. Most of the time, the small structure of the SME does 
not ensure project management in a routine way and leads to the combination of various 
responsibilities. Indeed there are often not enough actors to be assigned to each design role, 
so most of the actors have various design roles in a project. For example the project 
manager can make calculations on one part and help in the design of the manufacturing 
tools in the same project. Consequently the role of informal relationships is very important 
in an SME in order that actors may help each other without rigid formalities. Thus, the 
combination of various responsibilities and the informal relationships lead to a high level of 
workload because informal tasks are added to the official ones. Accordingly SMEs have to 
manage deadlines by setting an order of priorities on design tasks according to the 
objectives. Another point specific to SMEs is their project structures which have a rigid 
formalisation of their processes at a macro level and a very flexible non-formalisation of 
the detailed processes which allows informal relationships into the project. The following 
analysis takes into account these specific points and leads to the proposal of models for 
SUES. 
Examl2le from the industrial case studv: 
In Ederena, the main phases of the project are: 
- "Quotation": analysis of the customer's needs and definition of a 
technical quotation which leads to a marketing proposition. 
* "In order": If the customer accepts the marketing proposition the project 
phase of the project becomes "in order". 
- "In design": In this phase the engineer carries out a technical definition of 
the product and how to manufacture it. 
* "Manufacturing7': In this phase the product is manufactured following the 
technical definition of the product. 
This macro structure is fixed in advance and is identical for each project; 
however the tasks inside each phase are defined at the beginning of the phase 
by the project leader. These phases are not necessarily sequential; one phase 
does not necessarily begin when another has stopped. Thus, when the project 
is "in order" it is possible to have a phase "design" or "manufacturing". This 
situation comes from a high level of informal activities in SMEs. Moreover, 
the phase "quotation" is included into the project for a better reactivity. This 
reactivity is an advantage of SMEs. 
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Project managers define actions for each phase of the design process. In these actions, they 
use "information input, information outgoing, support and control" to reach the fixed 
objectives. Thus, the management of projects is achieved with numerous actions by the 
project manager (Figure 23). These actions and the inforination used have been validated in 
Ederena. 
The project manager analyses the requirements from the customer, after which he defines 
the project team, he then defines the sub-phases of the project plan and activities in each 
sub-phase, next he defines a plan to control the progress of the project and finally he 
applies this control plan and makes appropriate modifications in accordance with the results 
and the design objectives. 
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Figure 23: Synthesis of the project manager's actions 
- "Requirement analysis": the analysis of the customer requirement is one of the 
first actions of a project carried out by the project manager. Its objective is to analyse 
the customer's needs and to evaluate the project in terms of feasibility, resources, 
profits and time. 
a) Information input: 
The in-coming information corresponds to the needs from the customer 
explaining what kind of product and which functionalities he wants. This 
definition is, most of the time, incomplete and requires an analysis to be 
made in collaboration between the project manager and the customer in 
order to merge the customer's requirements and the capacities of the 
company. This analysis is based on the identification of technical 
problems, deadlines and Quality standards. 
b) Information output: 
The out-going information is a technical specification document which is 
a description of the product requirements with the future functionalities 
of the product, with norms, test definitions and quality controls. This 
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document is used by designers to make a technical quotation with an 
evaluation of the cost and lead-time to produce the product. 
c) Supports: 
The analysis of the customer's requirements by the project manager is 
undeniably supported by his know-how and knowledge especially in 
relation to previous similar products Moreover the Quality standard is 
additional knowledge useful in analysing the requirements of the 
customer. The informal links between actors are often used by tile 
project leader to confinn his decision making. 
d) Control: 
In this action of "requirement analysis" the project manager is the 
decision maker. The marketing department controls his task not from a 
technical viewpoint but in order to verify that the project matches the 
strategy of the company. The Quality Department also controls and 
verifies the quality of the customer's requirements and validates the 
feasibility in terms of quality for the project. Finally, if the project 
manager is at the same level of hierarchy than other actors, he needs 
legitimacy from the head managers to have the authority to coordinate 
other actors. The head managers have to transfer their authority to the 
project manager. This situation is common in SMEs where each actor 
can have various different design roles. 
Example from the industrial case study: 
The heads of the company designate Fred as the project manager. Thus Fred 
has to analyse the customer's requirements in order to carry out a technical 
quotation for the marketing department. Consequently the project manager 
analyses these requirements and structures the project to achieve the 
proposition. He identifies the technical problems, deadlines and quality 
standards. Then, he bases his actions on his experience acquired in previous 
similar projects. If there are two possible solutions to study depending on 
different hypotheses, the project manager can decide to separate the project 
into two with a second team to study this second solution. 
This example illustrates the input (analysis of the customer's needs), output 
(quotation), supports (project manager's work), and the control (two possible 
design teams) during this requirement analysis action. 
- "Project team definition": According to his analysis, the project manager defines 
the project team in accordance with the skills of actors, workload, objectives and the 
financial or human resources available for the project. For each main phase of tile 
project, project managers have to define the team associated, because the team could 
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change between phases according to the evolution of the project and to the actors' 
workloads. The project manager defines roles for each team member and his level of 
responsibility and autonomy. 
a) Information input: 
A lot of information is used to help the project manager to choose his 
project team. The technical specifications from the previous action 
"requirement analysie' allow the identification of the main technical 
difficulties of the project. The "Resources" are divided into three parts: 
Information Resources namely specifications, Human Resources to 
define who is assigned to a task and Material Resources such as funds 
allocated to the task or available software tools. The list of actors with 
their know-how, skills, availability and workload is decisive in choosing 
the right actor for the team. Tle deadline of the project defined in the 
previous action "requirement analysis" affects the number of actors in 
the project team. Moreover, the larger the project team is, the more 
collaboration figures in the project's success or failure. 
b) Information output: 
Outgoing information is the definition of the project team by the project 
manager with all the information on the human resources such as: name, 
roles, skills, workload... 
c) Supports: 
Project management tools show to the project manager the workload and 
the scheduling of each actor and help him in his action of team 
definition. 
d) Control: 
The progress of the project and objectives are included to control the 
team definition. The human resources department of the company 
checks, for example, whether the workload of each actor is in accordance 
with the labour legislation. 
Example from the industrial case study: 
For a new project incoming the project manager has two engineers and a 
technician available. He chooses to assign to this new project: the engineer 
who is more available and the technician as a support to help the engineer in 
order to satisfy the customer's request. In this context the engineer is in 
charge of the technician to define his work. Moreover, adequate resources 
are assigned to the team in order to carry out the customer's request: CAD 
CAM software, office software... 
In this example of project team definition, the input is the actor's workload, 
the output is the project team definition, the supports are software and know- 
how, and the control is made with the workload. 
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- "Project plan definition": the main objective of this task is to build an adequate 
environment to help the project team to reach the objectives of the project by for 
example; the definition of the coordination rules (direct supervision, mutual 
agreement or normalisation [Mintzberg 1990]), the kind of communication (meeting, 
knowledge sharing, ... [Bareigts 2002]) and collaboration (level of communication, free or forced, synchronous or asynchronous, present or distant) aspects. 
The project manager defines the phases and the sub-phases of the product 
development process as a project plan. He specifies this project plan in accordance 
with the specifications of the project and his analysis made previously. At each phase 
the project manager has to define: tasks, objectives, milestones, deadlines, resources, 
documents to fulfil and control actions such as task completion and document flows 
control. Control of document flows correspond to specific basic processes describing 
all interactions between actors and the document. Each actor involved in the project 
interacts with the right document in accordance with his role, skills and 
responsibilities... The automation of these processes requires a workflow engine 
which must have inputs from the project managers: 
the pre-definition of processes with objectives, activities, actions, actors, 
group, rights; 
the definition of the documents flows; 
the possible activation of specific actions or applications. 
Moreover, project manager schedules all the taskS2 defined previously for each phase. 
The objective of this schedule is to define deadlines, due dates and corrective actions 
in the case of overrun. A schedule has three dimensions: "time", "space", and 
"resources". "Time" defines when tasks are planned in a global schedule which also 
represents the actors' workload. "Space" is to know where the task will be done, for 
example in a meeting room. And "Resources" as was presented before (in the 
66project team definition" part); resources could be Information, Human or Material. 
In this action the project manager uses the following information: 
a) Information input: the list of materials, informative and human 
resources. 
b) Information output: a detail project plan with time (deadlines), tasks, 
responsibilities, objectives, milestones. 
2 The concept of task and activity is distinct, a task is prescribed for an actor or a group of actors (oriented 
toward a finality) and an activity is achieved by the same actor or group of actors. So a schedule is composed 
of various tasks, and each task becomes an activity when achieved. 
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c) Supports: the information based on the experience and stored with 
model of coordination. 
d) Control: the role of each actor and the organisation of the resources 
involved in the project. 
Example from the industrial case study: 
In the continuity of the previous example, the project manager recommends 
to the engineer to check the technical progress of the activity (coordination 
aspect on scheduling) and for doing so to have a daily meeting with the 
technician (coordination aspect on collaboration). He recommends also to 
the engineer and the technician to be supported by actors who have 
experience with the same type of product and/or with the same customer to 
help them in their decision making (coordination aspect on collaboration). 
Faced with the deadline for this project, the project manager plans a meeting 
every day with the engineer and defines a deadline of three weeks for the 
quotation and four weeks for a marketing proposition (coordination aspects 
on scheduling). Moreover, he defines the objectives, the available resources, 
the tasks to do, the deadline for each task and the modality of checking for 
each project phase (coordination aspects on objectives, resources, scheduling 
and design control). This example shows that when coordinating, project 
managers may take into account the collaborative point of view. 
This example illustrates the input (design team), output (project plan), 
supports (experience), and the control (daily meeting) in this project plan 
definition. 
- "Control project progress": According to the plan of the project, the project 
manager has to control the progress of the project. This control is achieved in three 
steps: the project manager identifies the gap between objectives fixed and the 
achievement of the activity, next he evaluates the achievement and finally he 
prescribes corrective actions to reach the objectives (Figure 24). 
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Figure 24: Project manager's actions in "control project progress" step 
Definition of the gap between objectives fixed and the achievement ofthe 
activity. The project manager consults the information describing the 
processes and the product, and evaluates the gap between the objectives 
fixed in the project plan and its achievement. 
a) Information input: the project plan defined previously. 
b) Information output: the estimation of the gap. 
C) Supports: all project monitoring information and information stored on 
previous projects are used in order to identify similar design situations and 
thus drive the search for solutions. 
d) Control: the project manager. 
Example from the industrial case study: 
During the meeting in the third week, the project manager notices that the 
quotation is not completed. The engineer estimates the lead-time to finish the 
quotation to be three more days. Thus the estimated gap is three days. This 
estimation will be the basis for the next step: achievement evaluation. 
In this example of gap definition, the project plan as an input and the 
deadlines and lead-time as supports are checked by the project manager to 
evaluate the gap as output. 
Evaluate the achievement: it is the evaluation of the results with 
monitoring infon-nation in order to make a diagnosis. 
a) Infon-nation input: The evaluation of the gap between objectives and 
achievement. 
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b) Information output: evaluation of the actual achievement by comparison 
between the ob ectives and the achievements. j 
c) Supports: the monitoring information to make a more detailed analysis, and 
also the methods of evaluation, if they exist. 
d) Control: no necessary elements. 
Examvle from the industrial case studv: 
A detailed analysis of the engineer's work by the project manager shows that 
the engineer has encountered a very difficult problem, and that the gap of 
three days previously given was based on an optimistic estimation. When the 
project manager defined the gap, he identified a similar situation solved by 
another engineer in the past. Thus from his diagnosis, the project manager 
identifies a lack of experience of the first engineer and he decides to assist 
him with a second skilled engineer in order to solve the problem and to 
acquire new knowledge. 
From the evaluated gap (three days), the project manager evaluates the 
achievement of the activities. If the result of this evaluation is not 
satisfactory then the project manager decides to apply corrective actions (add 
skilled engineer). 
Corrective actions: from the previous diagnosis, the project manager 
defines a new "Project plan" to redefine objectives, teams, tasks in order to 
bridge the gap identified previously. 
a) Information input: the previous diagnosis. 
b) Information output: a new version of the project plan. 
c) Supports: no necessary elements. 
d) Control: the existing project management models. 
Example from the industrial case study: 
The new project plan involves the second engineer in the project for 2 days 
in order to help the first engineer in his work of quotation. The only change 
in the new scheduling is the evaluation of the quotation after 3 days. 
This example illustrates the input (previews project plan), output (new 
project plan), and the control (project manager) in these corrective actions. 
In each action, the project manager has to study a lot of information. The management of 
this information is essential for the collaboration and coordination in project management. 
Thus after defining the actions of the project manager, it is important to define the 
necessary information to be managed in each phase in order to construct the global model 
of coordination. A global and formal model of coordination can describe generic situations 
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and thus be applied to more than one project. Moreover, of course, with a formal model of 
coordination (and later collaboration); processes and tools and even methodologies can be 
devised to support and improve these aspects of projects. The definition of these actions of 
the project manager is based on the literature survey and on the case study in Ederena. 
4.1.2 Requirements for a model of coordination 
The study made of the actions of the project manager allows the identification and 
characterisation of the information manipulated by him. Tbus this synthesis leads to the 
definition of a model of coordination in order to help project managers in their work. 
During a project, the project manager manipulates information such as: human 
(organisational) or non human resources, scheduling information, definition of control 
indicators and controlling the progress of the project. All this information must be included 
in the specifications for the model of coordination. Based on the actions of the project 
manager, a list of the information used in each action is drawn up as follows: 
- "Requirement analysis": The information managed by project managers comes 
from various elements. 
Customer's needs are documents provided by the customer in order to 
define the specifications of the desired product. Most of the time these 
documents are sent by e-mail and are incomplete. Tbus, in this phase of 
"requirement analysis" the project manager has to complete the 
specifications in collaboration with the customer and skilled designers in the 
company. 
Previous work done for the same or equivalent pairing of product/client. 
The storage of previous work is very important in this phase, because the 
project manager uses information from previous work to make his analysis 
of the customer's needs. The pool of previous work is the "know-how" of 
the company and avoids the need to repeat studies, tests and development 
already made for other projects. 
- "Project team definition": Ile project team is defined by the project manager 
with information included in the organisational structure of the company. Indeed, 
project managers have to define the project team with the description of the actors' 
roles, their skills, and the specific information of the department and the site. 
Skills list of each actor in the organisational. structure of the company. The 
list of actors' skills is essential to the project manager in order to assign the 
right person to the right task and thus build the project team. These skills are 
in constant evolution and have to be updated after each project. 
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Necessary roles for the project. In the analysis of the project manager, he 
has to identify what the necessary roles for the project are. This list of roles 
is compared to the list of actors' skills to define the project team. 
Workload of actors and departments. The workload is another factor to be 
taken into account in defining the project team. The assignment of a person 
to a role in the project is made according to the workload of the actor 
concerned and also the workload of the department. 
- "Project plan definition": Project managers use a lot of information to define 
the scheduling, with process element as tasks, milestones, and triggers to launch 
a design activity. This information is essential to build a project plan with an 
associated schedule. 
Main phases of the project. The project manager defines the main phases 
of the project, and their objectives. These phases and objectives are 
dependent on the nature of the project. 
Example from the industrial case study: 
If the client needs only a study on a specific part of the product, the phases 
will be a phase of quotation and a phase of design. However, if the complete 
manufacture of a product is needed, the phases will be: "quotation" , 
"design", and "manufacturing" with loops between phases. After the 
production of the prototype it may be necessary to have another phase of 
design in order to make changes. 
" Tasks definition in the phases. In each phase, the project manager defines 
the tasks to complete in order to reach the objectives fixed. For each task it is 
necessary to define the goal, the actor who is in charge of the task and who 
the participants are, the deadline and the resources available to carry out the 
task. 
" Objectives: Objectives are defined at various levels. In the project plan 
action, objectives were defined at a global level for the project; and at a 
detailed level for each task in the project plan. 
" Milestones are specific activities in the project plan where the defined 
objectives must be achieved. If the objectives are achieved the milestone is 
validated and the project continues to the next task, but if the objectives are 
not achieved, the project manager must carry out a control of the project 
plan. Milestones allow the validation of phases of the project and help to 
control the progress of the project. 
Deliverables are the documents which must be fulfilled at the end of the 
task. 
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"Control project progress": A lot of information is also used to define the 
control plan to check the progress of the project. Project managers have to 
define performance indicators and timetables in order to compare previously 
fixed objectives with the achievements of the project phases. 
Furthermore, project managers must apply this plan of control throughout the 
project. This implementation of the control definition during the project leads to 
the creation of other information such as controls, reports, documents for 
validation... 
" Objectives: the project manager uses the objectives fixed previously to 
define the gap between achievements and objectives. These objectives are 
used to control the work carried out. 
" Timetable gives an overview of the progress of the project to the project 
manager with time, tasks, actors and resources allocated. 
" Indicators of performance: the project manager defines, during the 
definition of the project plan, specific indicators in order to assess the 
performance of the project. These indicators are based on the objectives 
defined and are checked at each design stage in order to control the progress 
of the project and its performance. For example, the performance indicators 
for Production could be the number of products manufactured or the lead- 
time to manufacture one product. The performance indicators could be based 
on any other aspects such as: Quality (e. g. number of defects), Design (e. g. 
accuracy of the estimate of the workload), Marketing (e. g. outcome) 
" Deliverables refer to the validation documents fulfilled during the project 
by actors. Deliverables are used by the project manager to control the 
progress of the project. For example, the specification of the product is a 
deliverable fulfilled by the project team, validated by the project manager 
and given to the customer. 
" Information modified defines all the information changes carried out by the 
actors. It is important in the control of the design progress to record all the 
changes appearing on information throughout the project. 
" Technical data gives all the technical information on the project to the 
project manager in order to validate the work carried out in the project. For 
example, the quality standard for the design of a specific product such as, for 
example, a crane. 
The project manager needs support in generating, storing and re-using all this information. 
This support should be based on a model of coordination in order to develop adequate tools 
to help project managers. The specifications of such a model of coordination for project 
managers have to take into account all the information associated with the project 
managers' actions. 
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In each design phase the project manager can use tools to assist him in his tasks. A list of 
several different types of existing tools which might support design activities in companies 
follows (see also Figure 25): 
- Project management tools aim to schedule the project plan and to define 
the structure of the design processes. However these project management tools 
are mainly oriented towards scheduling but, they are not designed for managing 
documents or validating tasks according to objectives. 
- PDM / PLM tools are mainly oriented towards the management of 
documents and less towards the management of projects [Pol, et al. 2005b] 
(e. g.: WindchilITM). In industry, the use of these tools is mainly oriented toward 
the management of product data and processes. This assessment is based on 
experience in the industrial case study where a PLM prototype was 
implemented. 
- CSCW tools are intended to support knowledge sharing and 
communication. These aspects are essential to coordinate projects. Thus, 
CSCW tools support the aspects of project management and are used by most 
of the project actors such as, for example, e-mail, fax, electronic directory, 
conferences, document sharing and forums. Nevertheless, CSCW systems are 
general tools and are thus not specifically focused on the design field. 
According to [Johansen 199 1 ], CSCW tools are more aimed at structuring and 
controlling the information, which is also one of the main objectives of a 
project manager. Thus, some examples of CSCW tools can be quoted as: the 
shared electronic diary and the task manager. Nevertheless, the CSCW tools 
cannot be focused on design processes or project management without 
additional extensions (see Chapter 3.4.1). 
- Office tools are mainly used to manipulate information and documents. For 
example, all the software included in the Microsoft Office or Open Office suite 
is included in this category. Sometimes such office tools are incorporated in 
CSCW tools and are used everywhere in the design process to create or modify 
documents. 
To conclude, as shown in Figure 25, it is well established that there are no tools which 
support all aspects of project management in design. Thus a model of coordination is the 
logical way to construct and define the specifications for future tools which could bridge 
this gap. 
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Figure 25: Capabilities of tools to support project manager's actions 
Thus, in summary, the project manager's actions begin with the analysis of the project 
requirements to define a project team, and the definition of the product development 
process with tasks, milestones, objectives and documents. This product development 
process is the basis for scheduling tasks included in this process with time, space and 
resource aspects. Finally the project manager has to define a plan to monitor the product 
development process with control elements and to apply this plan during the project. 
In all these actions, project managers use information to carry out their work and achieve 
objectives. Successful project management relies on the management of this information. 
1bus, the definition of a model with this information brought together and organised will 
help to formalise the main concepts which must be taken into account by project managers 
in their daily work. The objective of the following subsection is to introduce and propose 
such a model focused on coordination aspects in SMEs. 
4.2 Design coordination model in SMEs 
4.2.1 Derinition of categories of information for coordination 
In the previous section, the project managers' actions are defined. In this section based on 
the definition of these actions, a list of used information during these actions has been 
compiled and aggregated by categories and sub-categories. Thus, three main categories of 
information are proposed: a technical one, a process one, then an organisational and human 
one. This information can be often formalised by documents. Nevertheless in a SMEs 
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context, where informal information is predominant, all the information is not necessarily 
formalised by documents. The identification of these categories comes from the literature 
survey and from the work achieved in the company. A detailed list of the elements of 
information is given and is collected together under these three category headings: 
- Technical information: the project manager needs information on the work done 
by actors in order to review the progress of the project. He also has to be aware of any 
technical difficulties encountered by actors in order to take decisions in consequence. 
Thus he manages a category of information named "technical information" which is 
composed of- 
" Customer needs contains much technical information and is an informative 
resource for the task of quotation. 
" Previous work is a support in the action of analysis in order to re-use 
previous work done. Thus previous work must be recorded and linked to the 
process tasks and the actors who carried out the tasks. 
" Deliverables is a support in the action of control in order to compare the 
deliverables achieved and those demanded / expected. 
" Information modified is the output of the control phase and is included in 
the modified project plan. 
- Process information: this category is composed of the main information used in 
the phase of plan definition and control. The processes are the basis of the definition 
of the project plan and are used to control the progress of the project, to manage the 
schedule, tasks, deadlines... This category is composed of the following information: 
" Project phases are included in the processes in order to know which one is 
activated and what the objectives are. This information is included in the 
output of the project plan definition action. 
" Tasks definition is also information included in the project plan. 
" Milestones are included in the project plan but milestones are also a support 
for the control of each phase and of the group of tasks included. 
" Objectives are outputs for the project plan definition and inputs for control 
phase. 
" Timetable is a support to create the project plan by project managers. 
" Indicators of performance are an output of the project plan definition 
where the project manager defines the indicators of performance for the 
project team's activities. The indicators of performance for the whole project 
are defined by persons external to the project such as: the customer for the 
lead-time, the final cost and quality requirement... Indicators of performance 
are a support to control the progress of the project. They are used in design 
processes and divided into expected indicators and achieved indicators. 
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- Organisational and human information: this category is composed of 
information used to set up a team, to manage actors' skills, or to define the 
organisational structure of the company. This category deals mainly with the project 
team definition, and affects all other actions. 
" Skill list depends on the organisational structure of the company and is a 
support to define the project team. 
" Roles are a support for the team definition by project manager. Roles define 
what necessary roles are needed in the project. 
" Workload is a support for the project team definition and must be updated 
regularly according to the actor's workload evolution. 
From the definition of the project manager's action, the information used in each action and 
its categorisation; a model with these main concepts could be established to support the 
design activities of coordination in projects with associated information. 
4.2.2 Design coordination model 
The aim of this model of coordination is to help project managers in their management of 
design activities. This model of coordination is mapped to the specific context of this 
research work: coordination of design activities by project managers in SMEs. 
The model of coordination is constructed with a logical and sensible analysis of this 
information and categories. Indeed, each category of information presented before is 
represented by classes, attributes and links and then all these classes will be compiled 
together to constitute the model of coordination. The associated links, cardinality and 
attributes have been defined to facilitate the studied actors' activities and project manager's 
ones in accordance with the information relationships. 
4.2.2.1 Organisational and human information classes 
The organisation of the design system of companies is formalised by departments, which 
are composed of actors (i. e. human resources) and corresponding functions. A function is 
an administrative name defining what the position of the actor is in the company. All the 
functions of the actors involved in the company are commonly represented by a functional 
chart. Independently, actors can have various roles in a project. For example, the actor Fred 
has the function "design engineee, in the company, and has in the project A the role of 
project manager, in the project B the role of drafter and so on. Consequently, role is 
dependant to the project, thus the attribute role is included in Design Process class which 
represents the project (design process is described in the next paragraph). 
As synthesised in section 4.2.1 organisation and human resources are characterised by a 
skill attribute and a workload attribute. This skill attribute is a first approach to 
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competencies management that can be specifically studied and implemented in the future 
(Figure 26). 
At the beginning of a project, the project manager uses this information to define the 
organisational structure and to define the team (roles and selected human resources) of the 
project (design process). 
The classes in grey (in Figure 26) represent the process aspects and the white ones 
represent the organisational aspects. The project (Design Process class) needs a relation 
with the classes Function and Human resource to characterise the actors involved in the 
project. 
I Desian Process I 
Is characterised by 
Organisation 
Is 
ch-araddEn-s-e-1 
J.. * by I ReafiseLf Function 
I... ý t. Uses 
Is 
Human resource composed 
of 
-Name 
-Skill 
-Workload De ines Department 
J.. * 
I-Name 
- 
Defines 
Figure 26: Organisational and human information classes 
The links with the rhombus are links of aggregation. Aggregation is used to represent a link 
between independent classes. This information of independence is used in a future IT 
implementation to declare variables. The cardinality of the links represents the quantity of 
objects for each class. For example I organisation is composed of I or many (represented 
by *) departments. 
4.2.2.2 Process information classes 
As we have seen before, during a project, the project manager defines a schedule composed 
of tasks. As several different kinds of tasks can emerge, the class Process Element Is used 
to fon-nalise these tasks. The following classes are proposed (Figure 27): 
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- Design Process class corresponds to the project and is used to manage the 
information on the project like the phases of the project and the timetable. 
- Process Element class includes the indicators of p2rformance for each process 
element with the difference between the expected and the achieved indicators. The 
obiectives at a global level (for the project) are managed by the Design Process class 
while at a detailed level they are managed in the Process Element class. 
The study led in the SME partner shows that tasks can be divided into two types: traditional 
tasks focused on the implementation of the product definition and milestones that are tasks 
concentrated on decision taking: 
- Milestones and Task classes have a link of inheritance with the Process Element 
class, thus Process Element class transmits all its attributes to Milestone and Task 
classes. Milestone is a specific process element orientated toward the validation of 
Tasks, thus this class has specific attributes to manage this validation: the exl2ected 
and achieved decision in order to manage the corrective actions and iustification for a 
better understanding of these decisions. 
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Is started by 
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Figure 27: Process information classes 
l... 
For each kind of task, the project manager selects the person according to the objectives, 
constraints, criteria and performance indicators that will be used later to control the 
project's progress. For milestones the project manager must record the decisions taken in 
order to be able to improve them later: 
- Hunian Resource class allows the linking of each actor of a process element to the 
project team where each project role is defined with actors' name, skills and 
workload. 
Trigger class represents the elements which allow a Process Element to start. It can 
correspond to documents, tasks, or milestones. The trigger is defined by its tvve (document, 
activity, decision) and its content as a comment to describe why a process element is 
started. 
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4.2.2.3 Technical information classes 
Theoretical model 
This category includes customer needs, deliverables, information modified and information 
on previous work, as studied previously. The organisation of this infon-nation in the model 
is managed by two classes (Figure 28): Resource and Design Process classes. 
- Resource class manages the documents used or generated during tasks and that 
can be: the customer needs, deliverables, methods, tools and modified inforniation. 
The attributes of the class are: the Type of the infonnation in order to know what kind 
of information it is, and the Associated document to have a link with the real 
document. 
This class Resource must be linked to the classes Task and Afilestone to allo%v project 
managers to associate these resources with the right task or milestone. Moreover a resource 
can launch a process element as an activity, thus the Resource class is linked to (lie class 
Trigger which used the resource to launch the associated activity in the design proccss, as 
can be seen in the following Figure 28. 
- Design Process class manages the previous work completed. This class stores the 
information from previous projects and the links between the Process Elements, 
Function and the Human Resource classes. 
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Figure 28: Technical information classes 
Theoretical model 
Resource 
-Type 
-Associated document 
I- 10.. - 
The Design Process class has attributes in order that the project manager can define the 
context with the name of the design process, the produc , the customer, the obiective for the 
process to reach and the design constraints. Moreover this class stores the team associated 
with the design process, thus a link between Function and Human Resource classes exists 
in order to link the design roles to an actor and his function in the company. The cardinality 
between these classes are (L*) because a design process must have at least one person with 
his function, and one actor can be included in one or various processes. Moreover, Design 
Process class is linked to the Process Element class in order to include tasks and milestones 
in the design process. 
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4.2.2.4 Conclusion 
As a conclusion Figure 29 synthesises the model to give an o%-er%, Ie%% of all classes and 
links between them. 
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Figure 29: Conceptual model for Project coordination 
The model, through UML class diagrams allows the identification of the necessarý 
concepts for this SME to manage its design projects. In the company, the head of the 
technical department and the head of the company have contributed to make constructive 
comments on this model in order to validate it in their industrial context. Nevertheless the 
main problems still remain. The project manager must introduce flexibility into a 
predefined global design process by explicitly formalising constraints, criteria, objectives 
and indicators. Thus the project manager must capture project information and decisions to 
improve his own skills. This is a great challenge in the SME partner as the project manager 
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may be a young engineer. So the project manager must be helped in applying such a model. 
The next section will detail how such a model can be used and what problems still have to 
be solved. 
4.2.3 Design coordination model in use 
The previous coordination model provides a support for the project managers' work. In the 
previous section, both the actions of project managers and the model have been presented. 
In this part, the link between the actions of the project managers and the model is 
explained. Namely, how the project manager can use this model in the company to support 
his actions, and what the impacts on the work of the designers are. 
- Requirement analysis: In this action the project manager analyses the customer's 
needs in order to identify technical problems, feasibility of the project, profits and 
time. Using the model he instantiates: 
" The Design Process class to store the phase of the project as "feasibility", 
the product and customer information. 
" The Process Element class to manage the information of this first task 
named requirement analysis. 
Example from the industrial case study: 
The project manager uses the model with classes, and attributes to organise 
projects. In this phase of "requirement analysis" he receives the customer 
need attached as a Resource for the analysis. From this analysis he notices 
that the project is a large project, the obiective is to manufacture partition 
panels for trains. As a, constraint the production rate is fixed to two panels 
per week and without real technical problems (this sort of panel is often 
produced by the company). The performance indicators are the time to make 
this analysis and the level of accuracy of this analysis. 
Instantiated object from class Design Process: 
Name = feasibility 
Product = partition panels 
Customer = Company A 
Objective = manufacture partition panels for trains 
Constraint = production rate is fixed at to two panels per week 
Team = not defined yet 
TimeTable =I month for this phase 
PhaseProject = requirement analysis 
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Instantiated object from class Process Element: 
Name = customer need 
Objective analysis of the customer need 
Constraint the constraint link with the rail domain (i. e.: smoke and tire 
norms) 
Indicators time and level of accuracy to make this analysis 
Context = the project manager 
Deadl-ine I week 
StartDate 0 1/09/06 
EndDate 01/ 18/06 
Working time =4 days 
- Project team definition: This action is carried out by the project manager from his 
previous analysis of the customer's needs. The project manager defines the roles 
needed by the project in order to associate the right team in accordance with the 
project and the internal constraints of the company: workload, skills, timetable, 
deadlines... 
" The attribute team in Design Process is used to manage the necessary roles 
of the project. The project manager defines the roles needed for tile project 
(from the previous analysis). 
" The model stores the information on each actor: his department. function, 
skills and workload with the classes: Organisation, Departinew. Funclion, 
Human Resources. 
Example from the industrial case study: 
From the analysis of the previews example. and for the first phase 
"quotation" the project manager notices that roles needed are a Marketing 
Department member to keep contact with the customer during this phase, all 
engineer with experience in this product, a technician to assist the engineer 
in his study and a Quality Department Member to respect the QLIllitý 
requirements included in the customer's needs. From the information 
included in the Hunian and Organisation classes the project manager call 
find the right actor for each role. The Marketing Department members are 
available because the workload is not onerous for these roles in this project. 
Nevertheless, the only engineer who has the right experience has an onerous 
workload, thus the project manager decides to designate two technicians 
instead of one in order to decrease the workload for the engineer on this 
project. 
Instantiated object from class Organisation: 
Name = Ederena Concept 
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Instantiated object from class Department: 
Name = Technical Department 
Objective = carry out the quotation 
Instantiated object from class Department. ý 
Name = Marketing Department 
Objective = keep contact with the customer 
Instantiated object from class Function: 
Name = Engineer 
Instantiated object from class Human Resources: 
Name = Fred 
Skill = Rail specialist, designer, operator 
Workload = onerous 
Instantiated object from class Function: 
Name = Engineer 
Instantiated object from class Human Resources: 
Name = Filipe 
Skill = Project manager 
Workload = Medium 
Instantiated object from class Function: 
Name = Marketing person 
Instantiated object from class Human Resources: 
Name = Patrick 
Skill = Marketing 
Workload = onerous 
Instantiated object from class Design Process: 
Team = project manager, I engineer specialised in rail field and a Quality 
Department member 
- Project plan definition: In this action the project manager defines the schedule by 
describing the phases of the project and the tasks included in each phase. Thus the 
classes Design Process, Process Element, Milestone, Task and Resources are used by 
the project manager to carry out this action. 
e Design Process class is used by the Project Manager to manage all the 
information on the project. 
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Process Element, Milestone, Task classes manage the tasks and the 
milestones of each phase of the project with the associated resources 
ExamRle from the industrial case study: 
Ile project manager defines all the phases of the project: "quotation", 
"design", and "manufacturing7'. For each phase he defines the Tasks 
involved. He defines the design Rhase "quotation" as activated, and specifies 
the product designation, the customer name, the deadline for the phase set at 
two weeks. All this information is included in the Design Process class. He 
also defines a Milestone two weeks later in order to validate the phase by 
validating the quotation made. This first process element of this phase is a 
task that analyses customer needs by the team in order to define the technical 
specification. The input data which is the customer needs is attached to this 
task by the class Resource. The project manager specifies all the information 
of the technical specification. The input data are the customer needs and is 
attached to this task using the class Resource. The project manager specifies 
all the information of the classes Process Element and Task where the 
obiective is to define a technical specification, with a deadline of I week, the 
context of the task, and the indicators of performance (in this case the time to 
finish the task and the degree of accuracy of the definition). The second 
week is allocated for the second task, namely the definition of a marketing 
offer by the Marketing Department member based on the technical 
specification done previously. The project manager continues the definition 
of the other phases and tasks. 
Instantiated object from class Milestone. ý 
Decision = validated quotation 
Justification = All the participates validate the quotation 
Instantiated object from class Task. 
Name = Quotation 
Instantiated object from class Resources: 
Type = Time, financial, person, material 
Associated document = Customer's needs 
Instantiated object from class Trigger. 
Type = Manual 
Content = Comments 
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- Control progress of the project: the project manager follows the project and 
verifies the achievement of tasks and milestones. The main goal is to verify that the 
resources of the design activity (i. e.: actors) have carried out their tasks, fulfilled the 
deliverables, and indicators of performance. 
" The project manager recovers the deliverables stored in the Resource class 
and compares results and indicators of ]Rerfortnance with the objectives 
predefined in the class Process Element in order to control the progress of 
the project. 
" Consequently to this control, the project manager takes decisions before 
defining corrective actions. 
Example from the industrial case study: 
At the end of the first week focused on the completion of the technical 
definition, the objectives are not completed because the engineer was not 
able to supply a price and lead-time for special material like aluminium and 
stainless steel (because the world economic situation on these materials 
tends to fluctuate greatly). Thus, the project manager defines corrective 
actions and new task and milestones. He plans a new task for the Marketing 
Department member in order to explain the situation to the customer and 
find a solution. The customer, usually a large company, may agree to order 
the raw materials in order to achieve better prices with his influence and 
network of contacts. In these conditions the project manager defines a new 
project plan with tasks and milestones. 
All these examples from the industrial case study show how this model of coordination is 
used in the company. These examples represent the detailed interactions between the 
concepts summarised in the model of coordination and the practical actions of the project 
manager with the managed information. 
4.2.4 Conclusion 
In this section 4.2, a model of coordination focused on the project managers' view is 
presented with class diagrams. The objective of such a model is to group all the 
fundamental notions about coordination in order to help project managers in their work. 
The model is divided in three main parts to manage three groups of information: 
organisation & information: organisation and human information, process information and 
technical information. This model is based on the literature study and on the industrial case 
study in Ederena. Finally the use of the model of coordination by project managers was 
explained with practical examples from the industrial case study. 
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In Ederena, this model of coordination is used by the project manager in order to recall the 
main concepts in coordinating projects. Moreover, based on this model the project manager 
has elaborated personal documents with practical hints in order to summarise his way of 
project coordination with these concepts. These personal documents are elaborated by the 
project manager for himself in order to formalise his own project management approach. 
4.3 Analysis of design collaboration 
The coordination of design also deals with the identification of the main relevant elements 
for the characterisation of collaborative situations in design. Collaborative situations in 
design are defined, from a coordination point of view, with scheduling, formalisation, with 
the definition of milestones and activities. Alternatively, they can be defined from a human 
relationship point of view with the persons who are involved in the collaborative event, 
with their skills, their motivation, and their form of communication. In fact both these two 
points of view must be taken into account in several collaborative criteria to define 
collaborative events such as: do actors work in the same place or not? In synchronous or 
asynchronous mode? Do they use predefined tasks? And so on. All these factors must be 
included in a model which supports the analysis of collaborative situations that occur in 
projects. The UML formalism is used to describe the model of collaboration in design 
activities and this leads to its instrumentation and its implementation. From now, the word 
"analyst" will be used to refer to a role. This role could be held by at least three types of 
persons: project managers, researchers or consultants. In Ederena, the analysis was carried 
out by the researcher in close relation with the project manager. 
4.3.1 From design coordination to design collaboration analysis 
A model of coordination has been defined in order to help project managers in their 
coordination work of projects, processes and actors. Nevertheless, within the framework of 
industrial experience in design such as the European project IPPOP [Nowak, et al. 2004], 
the results of the GRAI engineering method [Girard and Doumeingts 2004a], and 
experiments in PLM implementation in SMEs [Pol, et al. 2005a] it is noticed that the use of 
such models is difficult for the project manager and especially for anticipating the impact of 
collaborative actions. 
Moreover project managers can use their own industrial experiences in design, but only if 
they have already work for a long time as project managers in order to be able to 
characterise each kind of parameter mentioned in the model. However most of the proposed 
models propose to record a lot of information over the long term in order to re-use this 
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information and thus compensate for the lack of user's experience [Merlo 2003]. Therefore, 
project managers with a low level of experience, without "automatic reflex", and know- 
how can search similar design situations and re-use the "good practices" used previously. 
These "good practices" are only known by experienced project managers because the 
models do not identify "good practices". Thus, from this thesis, "young" project managers 
may be helped by using models (like these models of coordination and collaboration) and 
by being given extra tools to analyse the design situation. 
The following Figure 30 shows the link between coordination and collaboration in the 
context of design activities. Actors during design activities use input information (such as: 
customer's needs, requirements, constraints... ) and provide outputs at the end of the 
activity (such as: product description, drawing, manufacturing and usage instruction ... ). 
The actors use various forms of collaboration to transform input into output in design 
activity. The forrn of collaboration used can be controlled by specific guidelines defined by 
the project manager. 
Objectives 
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Achievement 
evaluation 
orrective P 
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Engineering Working tools, Knowiedge and 
Designers Materials Know-how 
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Figure 30: Description of coordination in design projects 
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In Ederena, it has been noticed that the model of coordination appears to he an accurate 
reflection of the actual practice. The elements well represented in the model and managed 
instinctively by the project manager are: 
- In a context where project managers understand the organisational structure ofthe 
company, the definition of a project team based on information such as: "orkload. 
skills, know-how... 
- The definition of the project structure with sub-projects, tasks and milestones. The 
detailed definition of the responsibilities, objectives, schedule, and their control. 
- The customer's needs definition based on his experience. Nevertheless it is %%ell 
known that project managers without experience or involved in large and complex 
projects often need to be assisted by specialists. 
However, proposing a detailed definition of the elements to be included ill tile model of' 
coordination is not the only necessary step towards a successful management of design 
projects. Many types of problems remain: delay, quotation mistakes, technical errors oil tile 
feasibility of a proposed solution, extra iterations in the design process... The causes of' 
these problems come from the lack of experience and knowledge of project managers. ']'he 
main question is how to define all these parameters. Some problems may concern: tile 
management of the actors' skills (where the project team is defined according to tile 
workload), problem of exchange or formalisation of the information (communication), it 
was not well defined who must contact the customer (form of collaboration), When a 
specification element that changes the entire design process is restarted (flexibility in 
design processes)... 
All these problems are developed in the following points: 
- Skills management: The definition of the project team is based on the skills and 
on the workload of the actors and not on the roles needed in the project. The first 
criteria of the project manager is the availability of the actors, while the logical way 
would be to first define the role needed for the project and secondly to find tile actor 
for each role. Thus often the project manager allocates actors to the team who have 
only part of the skills needed for the project without adding other actors to 
compensate for this lack. 
- Coordination rules: direct supervision, mutual agreement or normallsation 
[Mintzberg 1990]. It is difficult for the project manager to know which rule of' 
coordination is adequate for each design situation according to the actors involved 
(e. g. individual, relationships, or workload), objectives (e. g. lead-tinle. cost, or 
quality), previous and similar situations... 
- Kind of communication between designers: distribution, collection, circulation, 
exchange [Bareigts 20021. The project manager has to define communication between 
actors during projects. He has to know which form of communication is adequate for 
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each activity. For example, when the project manager plans a meeting he has to 
encourage the exchanges between actors. In another activity, an email can be 
sufficient to inform the project team. For the validation of a document, he can define 
a process of validation in order to have a circulation of the document to validate it. 
- Preferred form of collaboration: free, encouraged or forced, synchronous or 
asynchronous, present or distant, formal or informal. According to the situations and 
to the actors, the project manager has to define the form of collaboration between 
them. For example, this predefined form of collaboration can be free, encouraged or 
forced; if the project manager imposes two actors to collaborate then the form of 
collaboration is forced. The project manager can also encourage the collaboration 
between two actors by grouping them in the same team for example. And finally, the 
form of collaboration can be free if the project manager doesn't give any advice or 
order. The same reasoning can be made with the other criteria of the collaboration 
form (synchronous/asynchronous, present/distant, and formal/informal). 
- Flexibility in the design processes: During the definition of the project plan, the 
project manager defines processes to validate documents or to reach objectives. 
During this definition various problems may occur. The processes must be fixed in 
advance in order to schedule the work but it is essential to keep enough flexibility in 
order to be reactive in the face of the unpredictable nature of the project. Since 
everything cannot be predictable, it is difficult to determine in advance which process 
will be the best. 'Ibus the borderline between planned and flexible processes is 
extremely narrow for project managers. 
- Design control: In the phase of control by the project manager, he has difficulties 
in evaluating the gap between the objectives and the results because he is not the only 
actor to work on the project; he has generally only technical documents to follow the 
progress of the project. Consequently, the difficulty for him is to act in the right way 
by defiriing corrective actions. 
From this investigation in Ederena many problems remain for project managers. Project 
managers need tools; not only a model for coordination but all devices which could reduce 
the impact of these difficulties. Moreover the causes of these difficulties to coordinate 
projects are influenced by human factors which are included in the concept of 
collaboration. Thus, the collaboration aspects must be managed and included in the 
management of projects. However, no formal rules or theory is available to train project 
managers in order to predefine certainly and effectively the collaboration aspects during 
projects. Then, it is necessary to study the collaboration empirically in order to identify 
good collaborative practices. A good collaborative practice is a group of collaborative 
actions that solves a design problem and satisfies indicators of performance regarding the 
objectives. Consequently, the problem becomes: how good collaborative practices can be 
identified to include collaboration aspects in coordination of projects? To identify these 
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good collaborative practices, the first step is to be able to analyse the collaborative 
practices. With this in view, a framework for the analysis of collaboration is necessary: 
- The analysis of collaboration allows the understanding of how actors collaborate 
in their work and helps project managers to build the project team by assigning roles 
to persons and by managing the actors' skills. 
- By analysing collaboration, the relationships between actors are studied. 
Therefore, it is easier for project managers to set up coordination rules, to determine 
the appropriate means of communication, to evaluate the game of power based on the 
personal interest of each actor and finally to solve the conflicts occurring between 
actors during projects. 
- The analysis of the collaboration will help the project manager to define a project 
schedule. Indeed, the completed task will be more detailed and project managers will 
be able to compare the defined schedule with the activities actually carried out in 
order to better evaluate the gap between objectives and results. The additional input 
of collaboration in project management also allows the management of less formal 
events such as informal meetings, discussions in a coffee break or phone calls ... 
Thus, the project manager can use this analysis of the collaboration in order to prescribe 
and manage the project. Consequently the phase of analysis is essential to allow the 
prescription in the management of projects, because collaboration with a high degree of 
human factor depends on the specific nature of the project, the customer, the company, the 
actors... and so, collaboration cannot be properly prescribed without analysis. As a 
consequence the next section will focus on the definition of a model to represent the main 
elements for the analysis of the collaboration in order to include collaboration aspects in the 
coordination of projects. This model of collaboration leads to the implementation of the 
CoCa tool to support the analysis of the collaboration. 
4.3.2 Proposed model of collaboration 
The aim of a model of collaboration is to record information on the actors' tasks in order to 
support the characterisation of the collaboration and finally to include collaboration aspects 
in the coordination of projects. Thus, the model of collaboration must clearly represent the 
right information on the actors' tasks in order to support the analysis. 
In the previous model of coordination, various actions remain difficult for the project 
manager to coordinate projects namely: 
- The definition of the project team based on the skills, workload and roles of the 
project, 
- The definition of the form of collaboration with the form of communication and 
the coordination rules associated, 
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- The definition of the project schedule where the project manager has to define 
flexible processes, 
- Project schedule control where the project manager encounters difficulties in 
estimating the gap between objectives and results. 
Nevertheless, for each difficulty, a great deal of additional information related to the 
collaboration aspect is required to help the project manager in these particular actions. The 
design process must be recorded with additional information on collaboration. Firstly, the 
context of the project must be recorded in order to define the specific situation of 
collaborative activities with the team definition, the customer, the company, the product... 
Secondly, the collaborative activities in the project must be recorded with sufficient detail 
in order to be able to identify significant elements during 'a posteriori' analysis. This will 
facilitate for example the evaluation of the results achieved in the design process or the 
definition of the required flexibility of a project schedule. And thirdly, recorded 
information allows the assessment of the collaboration in terms of performance in order to 
anticipate and propose new forms of collaboration in future design processes. 
The actual design processes are studied in order to know what has to be stored in 
correlation with the coordination tasks of the project manager. 
Thus in the action of project team definition, the record of the actors participating in the 
project with the management of their skills is useful information for the project manager. 
Indeed the project manager needs to know which actor has the right experience and skill 
before allocating this actor to the right role in the project team. Thus archiving the pairing 
of team / project, with additional information such as skills, Toles, characteristics of the 
project, is necessary in this project team definition action. 
Example from the industrial case study: 
From the example used previously, the project manager defines the project 
team with someone from the Marketing Department, from the Quality 
Department, an engineer who has an onerous workload and two technicians. 
To select the engineer and the two technicians who have the right 
experience, project manager examines the archives to see the project teams 
in previous similar projects. 
During the definition of processes and the control of the project schedule by the project 
manager two keys points emerge. Firstly the project manager must introduce flexibility in 
the design process in order to become reactive to the unpredictable nature of the design 
project. Secondly he must monitor the processes closely in order to evaluate the gap 
between what has been completed and what was planned. Ilus, for these two reasons, the 
project manager must understand the real process completed in the project in order to 
compare it to the theoretical process previously fixed. He must also analyse the problems 
that occurred during activities with their possible impacts on other ones. Thus, the record of 
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activity sequences is essential to define the processes of design activities carried out and to 
evaluate the gap between what was predicted and results. 
Example from the industrial case study: 
The marketing department transmits to the Technical Department all 
information necessary in order to carry out a technical quotation. The 
principal problem lies in the fact that the marketing department does not 
have sufficient technical skill to collect all the technical information. Thus, 
the Technical Department had to rebuild the customer's file and to contact 
them again in order to collect the correct information and to carry out the 
technical quotation. During this scenario, the marketing department is in 
charge of an activity which it does not have adequate skills. The initial 
schedule is outdated because the collaborative aspects have not been studied 
and the schedule has been defined routinely. Thus, it is useful for the project 
manager to notice the succession of activities carried out, with collaborative 
aspects in order to anticipate future projects. 
it was seen previously that various human factors concerning collaboration are not included 
in the coordination of projects. Thus the notion of collaborative criteria will help the 
evaluation of the collaboration by project managers. This evaluation of collaboration now 
becomes the main problem of the project managers in the coordination of projects. The 
project manager must assess the collaboration in order to estimate if its form is suitable and 
if not, to find a better form. 
Example from the industrial case study: 
This example is the continuation of the previous example with the marketing 
department in charge of the quotation. The type of collaboration 
implemented during this scenario is called "free" because only the final 
objective was known in advance: to carry out the technical quotation. The 
responsibilities and the interconnection between actors had not been 
formalised in advance. Tlius, after the analysis of the collaboration used in 
this scenario based on "free collaboration", the project leader decides to 
change the form of collaboration to a "forced" collaboration with all the 
relationships and tasks prescribed. 
The analyst needs criteria to assess the collaboration used in his project. Thus, he needs to 
record and manage any on-the-spot analysis or comments on the collaboration made during 
the project in order to: 
- Recall his reactions during the project, 
- Review all this information afterwards with a global view, 
- Compile data with other information (from other projects, for example). 
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The project manager has two solutions to manage projects in the right way. Either he 
already knows all the subtleties of the job thanks to his experience and know-how, or he 
uses guidelines resulting from a model to help him in his work of coordination. Thus the 
model must be as complete as possible and therefore include collaboration aspects, 
elements for analysis and other elements necessary for coordinating projects. 
4.3.3 Model of Collaboration for analysis 
The model of collaboration is built to represent collaborative situations which occur during 
design projects in small companies. This theoretical approach is based on the capture of 
information describing collaboration between designers. This information may be used by 
the project manager to improve the way he coordinates design processes and actors. This 
characterisation will be based on the definition of collaborative events of the project. All 
these events are associated with contexts in order to understand and analyse the 
collaboration: both the global context of the project and the local context of a collaborative 
situation. Moreover, the model incorporates different kind of parameters (see Chapter 
3.2.6), by capturing, for example, quantitative data such as time, activity type or problem 
solving as well as qualitative data such as quality of communication or interests of actors. 
The definition of this model of collaboration is carried out in closed relationship with the 
company where the head of the technical department, project managers and the director are 
involved in the use and the validation of the model. Thus, they are fully concerned by this 
sort of study and they understand very well the potential benefits. So, the company saw the 
models and made constructive comments in order to orient the definition of the models 
towards an industrial application. 
4.3.3.1 Event 
Firstly the fundamental concept of an event is introduced: an event defines a collaborative 
action which contributes to the progress of the project, this action can be of any type. As a 
consequence, tasks or milestones in the coordination model can be defined as events. The 
main interest of an event is to allow the definition of non-scheduled actions such as a 
discussion during coffee break or an important phone call. 
Consequently, the first class defined in the model of collaboration is the Event class. This 
class characterises each collaborative event whether formal or informal at a detailed level 
of description (Figure 3 1). 
The first level of description of an event is characterised by its activity type (such as report, 
schedule, validation, milestone, co-design ... ) and its subjects (such as meeting, discussion, 
videoconference, conflict resolution... ) through the ActivitySuhject class. 
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Theoretical model 
When analysing events it is useful to detect problems or "good practices". As a 
consequence the class Link is proposed to group events in a non-sequential way according 
to specific points of view: not only a temporal mode, but also "causal links" or "problem 
links". 
For example, non-formalised data could lead to time loss in later tasks: in order to collect 
this information, two events can be linked to show that one event will have a problem 
which originates in the other event; this function is named "Link Problem". Moreover, links 
between events can be also used to show that one event is the cause ofanother one. This is 
managed by the attribute Causal. Events stored may be scheduled tasks as well as un- 
scheduled events in order to identify formalised procedures but also real task sequences at a 
more detailed level. This information is generally useful to identify shortcuts or alternatives 
in the traditional process, then to analyse the parameters leading to these situations. 
4.3.3.2 Context 
The characterisation of events occurring in the project is strongly dependent oil the specific 
context of the event. This context is defined on a global level and local level. The global 
level defines the context of the project in the company with elements such as: customer's 
name, product, project leader, project team ... The local level defines the context of the 
event with elements such as: actors participating in the event, their expectation, outcomes, 
decisions made... 
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- Global context (Figure 32) 
The ContextProject, Customer and Project classes allow the definition of the main 
information to situate the actor's tasks in the global design project of the company, mainly 
the attributes: proiect name and customer's name. The cardinalities allow there to be 
various projects for one customer. 
Various dates are used to record the evolution of the global context. Thus, the class Project 
has a date of creation, a date of end and a date of creation of a new context (a new project 
context is created for each important modification occurring in the project). Moreover the 
attribute active stores the status of the project to show if the project is started, ended or 
dormant. 
The class ContextProject is focused on the storage of the main information which evolves 
during the project. The attribute project impact represents the impact of the project on the 
strategy of the company. 
Each event of the project is linked to the corresponding context of the project through the 
attribute event list in order to be able to analyse them with the right context. 
The context of the project is in constant evolution during its progress. Thus, the attribute 
version manages the version of the project context, by recording, for each version, the main 
information of the project in order to understand its evolution. This infort-nation is included 
in the class ContextProject. 
It is important to know who is involved in the project and which roles are assigned to an 
actor, thus the attribute actor roles stores the roles of involved actors. Moreover, the link 
with the Actor class gives information on the actors involved in the project such as 
function, name, address, phone... This information is essential in the management of the 
actors and workload. 
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Figure 32: Class diagram of the global and local context. 
- Local context (Figure 32) 
The local context is composed of the class Event and ConlexlEvenI with links to tile 
ContextProject class and Actor class in order to define in detail the context of the event. 
The context of the event is defined by a date. the real time (duration), perceivetl lime by 
actor (which could be different from the real time), the strategic level of the event towards 
the project and the actors involved in the event. The date defines when tile event occurs. 
The real time compared with the perceived time attribute shows if the actors have tile 
feeling of wasting their time during the event or if they are productive. Tile strategic level 
of the event represents the importance of this event in the project, in order to verify Ifthe 
resources allocated for the event match up with its importance. The actor event attribute 
stores the actors in charge of the event. These actors come from the list of actors available 
in the class Actor. 
Moreover four attributes allow the comparison of the objectives of the event with tile 
expectations of actors, and with the outcome produced: expectation, outcome, decision and 
comments. This comparison is useful for diagnosis of the project management during tile 
evaluation of the gap between objectives and results. The quantity of result is evaluated by 
the attributes: outcome for the definition of the results and the resources of the event. Thus 
the project manager can evaluate the pertinence of the quantity fixed previously in tile 
objectives. The decision and comments attributes give complementary information on tile 
event and help to understand the progress of the event. 
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4.3.3.3 Characterisation of the collaboration 
The characterisation of the collaboration is based on two types of criteria: quantitative and 
qualitative. Storing these criteria is carried out in the perspective of re-using this 
information to anticipate future design coordination. 
Event II Analysis 
I Evaluabon I 
Quantitative 
Characterisation 
Qualitative 
Characterisation 
Figure 33: Characterisation of the collaboration 
- Quantitative characterisation (Figure 33): 
CollaborativeCriieria class characterises in a quantitative way the form of collaboration 
used in events by actors. These criteria are focused on the collaboration definition in order 
to differentiate the various forms of collaboration used during projects. 
The attributes of the class are: 
" Time: if actors work in a synchronous or asynchronous way 
" Location: if actors work on the same location 
" Schedule level: if the event has been planned or emergent 
" Prescription level: if the event results from a prescription from the project 
manager or if actors were free to take the decision to collaborate 
" Formalisation level: if the actors' work during the event has been formalised 
" Comments: allows addition of information on the collaboration occurring 
during the event. 
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Two other classes, Tool and Resource classes, store the specific tools and resources used by 
actors in their collaboration. 
- Qualitative characterisation (Figure 33): 
The collaboration is also characterised by qualitative criteria in order to help the analyst to 
evaluate the situation and introduce some on-the-spot analysis, evaluation and comments to 
prepare for future analysis through the Analysis and Evaluation class. 
In the Evaluation class, the project manager makes an on-the-spot evaluation of the 
collaboration. In this evaluation he estimates with the attribute technical difficultý the 
difficulty of the event in reaching the expected objectives. The project manager evaluates 
the lead time to know if it is urgent. Then, he evaluates the usefulness of the collaboration 
in the event. All these criteria of evaluation are made by the project manager from Ills o%%Iil 
point of view. 
In the Analysis class, the analyst makes a local analysis of the collaboration. on tile spot, 
during the event. He estimates the productivity of the collaboration, i. e. if the results ofthe 
event are sufficient in relation to the stored situation with the attribute collaboration Produc 
(the label of this attribute is shorter because there is not enough space to write tile full name 
with the software used). 
The project manager estimates the motivation of the actors, if they have a same goal or 
personal interests in the work or are under pressure to finish (see Chapter 3.2.5)... 
The forms of communication used between actors are quoted by the project manager to 
estimate if the communication used is productive or unproductive (see in the Chapter 
3.2.4). 
The attribute collaboration relation is stored to know if the collaboration is more 
consensual or conflictive between actors. 
The levels of confidentiality of the document achieved or the decisions taken are stored ill 
the attribute level confidential ily. The level could be "high" when only the heads of tile 
company are informed, "medium" if only the project team is informed, and "low" lfall the 
company is infon-ned. 
And finally to complete the local analysis the attribute hierarchical level is stored. In 
Ederena there are three levels: "high" when the two heads participated in the event, 
"medium" when there is only one, and "low" when no head was present at the event. 
The local analysis and evaluation is used by the project manager to record his point ot'vie", 
during the project and help him for the future analysis of the collaboration. 
A complete class diagram represents all aspects used in detail to describe a collaborative 
situation and understand the collaborative mechanisms in Figure 34. 
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Figure 34: Conceptual model to characterise the collaboration 
As we can see in the model of collaboration, various criteria of the classes 
CollaboraliveCriferia, Analysis and Evaluation are not binary (black or white, true or false) 
but the real situation is situated between two extremes. The project manager, in his 
estimation, records a tendency of these criteria which could be more or less close to an 
extreme. For example, one actor has transmitted critical infon-nation to the other team 
members one day behind schedule. This delay leads to a global delay of one day for the 
whole project, which is not acceptable, but not a disaster according to the general lead-time. 
Afterwards, the project manager estimates the productivity of the communication used in 
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the event at 70% (100% is the percentage without delay and 0% when the information is 
not transmitted). 
This global class diagram may be used as is by project managers but with some difficulties. 
These difficulties spring from the fact that no device supports the management of' the 
concepts included in the model. As was noticed in the company, with the model, the project 
manager better understands the relation between the concepts described in the model. 
However, he does not have any tool or method to help him in the management of' these 
concepts in his work of project management. Thus, this model of collaboration leads to tile 
implementation of a tool in order to automate the recording, to re-use the data and support 
the analysis of the collaboration. 
4.3.4 Collaboration model in use to analyse collaboration 
The aim of the collaboration model is to support the analysis of the collaboration used bý 
actors and to better understand design situations. It then helps the project manager to 
integrate the results of this analysis into his coordination actions in order to anticipate, 
coordinate and control the project. Nevertheless it is well known that such a model is not 
adequate for a daily use by a project manager. This kind of model is the first step ofthe 
approach leading to the implementation of a tool based on these models. At the end, tile 
project manager will use the collaboration model through a tool in order to assist him in his 
daily work of analysis. 
All these concepts included in the model are used by the analyst to drive his analysis of tile 
collaboration. Currently, no method to carry out this analysis (in this context ot'SMI-Is and 
for the objective of improving the coordination) exists. So, there is no published method for 
analysing this sort of data. From Ederena, this experiment leads to the testing of various 
ways of analysing collaboration (Chapter 6). 
The tool based on this model of collaboration must manage the analysis and evaluation, tile 
collaborative criteria, the global and local context, and the links between events (Figure 
35). 
The approach to analyse collaboration begins with the study of the stored information of 
each event, especially the evaluation and analysis classes. The collaborative criteria and the 
global / local context then give additional information. At this stage the analysis is possible 
for establishing correlations between events. The links are used to represent tile global 
sequence of design events occurring in the project from a specific point ot'vie". 
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Figure 35: Approach to analyse the collaboration with the model of 
collaboration. 
The main objective of this analysis is to identify problems / improvements / "good 
practices" in the design process in order to find adequate solutions. The complete analysis 
of the collaboration is not done by the tool; it makes available the main infori-nation to 
analyse the collaboration. Therefore the analyst has to study the sequence of events, make 
correlations between various attributes in order to carry out the analysis. This notion of 
correlation between attributes is illustrated in the two following examples: 
- The notion of re-usability: if the project manager wants to re-use the collaborative 
process in similar situation. He has difficulties in identifying similar situations and 
defining the collaborative process used. Therefore, the classes ContexiEvent, 
ActivilySubject and Links help the identification of similar design situations. And the 
classes Tool, Resource, CollaborativeCriteria help to define the collaborative 
processes needed for future scheduling during coordination phases. 
- The notion of problem solving: during collaboration, it is usual to encounter 
problems, or conflicts. But these problems or conflicts could be positive for the 
progress of the project. Thus, the category "problem solving" helps the 
characterisation of the collaboration by defining if the problems (if there are any) 
were constructive or destructive. Hence, it is important to understand when a problem 
occurs: what the solution was, if the problem has led to the emergence of constructive 
knowledge, what the causes of the problem are... The classes Link, Analysis and 
Evalualion drive this "problem solving" assessment. 
The analysis of the collaboration helps the project manager in the use of the model of 
collaboration and then coordination. Thus projects will be coordinated by taking into 
account collaboration aspects. 
A deeper analysis with the tool and examples from the industrial case study will be given in 
the presentation of the results achieved in Ederena (Chapter 6). 
4.4 Synthesis 
Chapter 4 presents a model of coordination focused on the project managers' view to help 
them in their work of design coordination. The actions of the project managers in design 
coordination have been defined with the associated infori-nation. These definitions are the 
basis for the definition of the model of coordination. Afterwards, the model was presented 
with examples and uses. In conclusion a lack of human aspects management is noticed in 
this model of coordination. 
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Thus, this model of coordination is associated with a model of collaboration in order to 
evaluate the human aspects in design and to improve later on the management of' 
collaboration between designers which lead to the improvement of this model of 
coordination. Then, the model of collaboration is provided to help project managers to 
analyse collaboration in order to identify good practices that will improve the way they 
coordinate projects by taking into account collaboration aspects. This model of' 
collaboration categorises and defines the different forms of collaboration used during 
project with the objective of re-using them in future situations. This categorisation is made 
by the recording of the context, objectives of the project and events, and by criteria to 
represent the collaborative situations. This characterisation leads to the analysis ofthe forni 
of collaboration used between actors in order to evaluate collaborative situations, to 
anticipate future design situations and then to improve coordination of projects. 
Nevertheless, the model of collaboration formalises complex aspects and can be used by 
project managers but with difficulties (problems to record, to compare, and to analyse 
information required to use the model). Thus the model of collaboration requires a tool to 
support the use of this model. 
The definition of these models was elaborated in collaboration with Ederena and was tested 
and used in projects. The feedback from the head of the company and the head of the 
technical department are positive: the models fon-nalise the main concepts of collaboration 
and coordination used in their daily work, and help them not to forget any important 
concepts during the project. 
At this stage, two models are defined to help project managers in design coordination then 
to store and analyse collaboration. The analysis of collaboration wIII be used to deline 
guidelines for the project manager in order to take decisions in his coordination 
management (Figure 36). Therefore a software tool is necessary to support the analysis of 
the collaboration. 
The UML formalism is suitable for the implementation of an IT tool to assist tile project 
managers in the recording of the information of the collaboration model and to help them ill 
their future analyses of collaboration. Thus, the implementation of an IT tool based oil this 
model allows the collection of a large amount of data for the analysis. 
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Figure 36: Coordination and collaboration in project management 
UIVIL models are useful to represent complex concepts such as coordination and 
collaboration in SMEs. At a conceptual level, coordination and collaboration aspects are 
based on complex mechanisms. These mechanisms and concepts need a specific 
methodological approach to be comprehended. Thus, the models are one of the possible 
specific methodological approaches. For example, the design events which occur in the 
design process (preliminary design, quotation, embodiment design ... ) are represented by 
the class Event, the links between them and the other associated classes like 
ConlextProjecl, ConlexlEvent... This methodological aspect is presented through the 
implementation of the CoCa tool with its GUI forms, in Chapter 6 and in Chapter 7. 
At an operational level, these models represent concepts and their links between them in 
order for a project manager to understand the consequences of his actions and to avoid 
neglecting important elements in his management of projects. One of extra benefits of these 
models is for young project leaders, with insufficient experience and know-how to manage 
these notions without support. Therefore young project managers could be given a sort of 
"check list" of the indispensable actions to carry out, a representation of the context of their 
management, and a better understanding of the consequences of their action. Thus, they 
would more quickly become experienced and more easily understand these notions of 
collaboration and coordination in their specific context. Furthermore, project managers 
have difficulties to use such models and the whole corresponding concepts directly during 
projects. Thus, the implementation of tools based on these models is helpful to facilitate the 
management of these concepts by the project manager. With such tools, the new project 
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manager has the possibility of capturing project information and decisions in order to 
improve his own skills, taking experience, improving the management of projects, defining 
standard processes, and helping to introduce flexibility in processes. 
The notion of flexibility is important in design management in SMEs as was described in 
Chapter 3.2. Thus the introduction of flexibility in the design process is indispensable in 
order not to stifle the collaboration between actors. The strategy to manage this flexibility is 
helped by the model of coordination with a better understanding of the relation between the 
constraints, objectives, criteria and indicators on the design and by the model of 
collaboration which integrates the collaboration aspect into the management of projects. 
In the next Chapter the implementation of the tool named CoCa, based on the model of 
collaboration, is presented. The implementation is described in detail from the approach to 
implementation of the tool, to the use of the tool. This presentation is illustrated by 
examples from the industrial case study. 
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5 "CoCa" tool: development and use in 
Ederena 
The aim of the "CoCa " tool is to support the analysis of the collaboration occurring in 
design projects in SMEs. CoCa records the collaborative events in detail that occur in 
design projects by collecting such data as: projects, events, and collaborative criteria 
(time, location, tools, methods, level offormalisation ... ). These records provide the right 
data to the analyst, in order to analyse the collaboration and thus help the management of 
projects. This analysis enables design improvement by the identification of d(ficiencies in 
collaboration and in design events. 
5.1 Introduction 
The CoCa tool can be used by project managers, consultants or researchers. 
Project managers can use CoCa to determine what form of collaboration produces 
appropriate results in projects and thus they can introduce flexibility in design processes in 
order to record and re-use improved forms of collaboration. Project managers need to have 
the perspective of a large pool of data to make the comparison between various projects and 
forms of collaboration. As we will see in the next Chapter "Results", the test of the tool 
within Ederena provides a representative pool of data, and these results can be correlated in 
order to validate the theoretical model and the tool. 
It is well known by consultants that an implementation of an information system in a large 
company is completely different from one done in an SME. Indeed, in SMEs there are more 
design roles than actors available, thus actors have to accumulate roles. Moreover, each 
incoming project is managed differently according to the specific situation of a project, thus 
one part of the design process could be more important than another. Consequently SMEs 
need flexibility. If an implementation of an information system is done in an SME without 
a previous study of the actors' way of working, the company will lose flexibility in design 
processes, collaboration opportunities and emergence of innovation. Therefore consultants 
can use CoCa to specify the implementation of a PDM / PLM tool or an IT system in an 
SME. The main objective of this specification is to retain the necessary level of flexibility 
by studying the collaborative practices with CoCa. 
Researchers can use CoCa in their industrial case studies in order to analyse tile 
collaborative practices used by actors in design projects. The analysis of the collaboration 
can be useful in various fields as well as for a fine analysis of the collaboration or for an 
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organisational change of the company structure in order to match the organisation to the 
management of project with a specific IT system. 
The validation of the tool and the theoretical model for researchers is achieved in the first 
instance by a case study of practice. However, for project managers and consultants other 
industrial case studies will have to be made in order to collect more results and to compare 
the analysis between projects. 
This use of the tool is illustrated in the next Figure 37. Firstly, the analyst uses CoCa to 
record the information on the collaborative events occurring in projects. Secondly, the 
analyst uses CoCa to retrieve the information (recorded in a database) on the collaborative 
event to support his analysis of the collaboration. And lastly, this analysis of the 
collaboration leads to propositions, forecasts and expectations for the future projects and 
events in order to improve the coordination by defining guidelines for future events. 
Step3: Coordination 
Improvements 
14 Guidelines 
Project 
Manager 
Data Base 
ICA 
Collaborative Events '101ý1 
\0 S 
Analyst 
Step2: Collaboration Analysis 
Figure 37: Use of the CoCa tool by the analyst 
In the next section, the scientific approach used to develop the tool will be described to 
show how the tool was designed. Efforts were made to implement the tool on the basis of 
the theoretical work carried out in order to test and validate it. This description will explain 
how a theoretical model can lead to the implementation of a tool and why class diagrams 
must be created before the implementation. 
Stepl: Information Capture 
Information Storage 
Analyst t 
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5.2 Approach of the CoCa tool development 
A tool has been developed named "CoCa'" in order to support the model of collaboration 
presented in Chapter 4. 
During the definition of the tool, UML is used to define the specification of the CoCa tool 
[Booch, et al. 1999]. UML is chosen because it provides an efficient language for 
modelling the architecture of the tool before its implementation. UML is all object oriented 
language, thus it provides a set of diagrams where objects can be defined and structured. 
These UML diagrams allow for the modelling of the entire system. Moreover, the UMI, 
structured notation is a generic formalism and is used as a common language providing a 
shared point of view between users and IT implementers. 
The approach to the development of the tool is divided into three main steps: analysis step, 
design step then the IT implementation (see Figure 38). 
Model of collaboration 
Analysis 
use case ACtivity 
diagrams diagrams 
Design ýArchitecture 
ý 
Mock-4jp GU Class Diagram g r m 
forms 
I 
for the Data Base 
- 
State Transition te /Trans 'o ,, 
dg., ,, , 
Final 
ýGU 
forms rms forms 
Figure 38: Approach of the CoCa tool implementation 
II implementation 
IT oode 
Analysis step: is orientated toward the definition of the CoCa tool specifications. UML 
formalisms are used to specify the functionalities of the CoCa tool with: 
- "Use case" diagrams describe the main and the sub-functions of the CoCa tool in 
order to define the objectives, the use and the constraints of the tool. 
- "Activity" diagrams define the sequence of the forms and the action which causes 
the activation or the closure of GUI forms. 
Design step: this step is concerned with the detailed definition of the tool with a functional 
study; the tool is implemented using Java technology. 
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- This step begins with a brief definition of the GUI forms as a "prototype" in order 
to gain an idea of the sequence of these GUI forms and the information included in 
each one. However, the detailed definition of the GUI forms will be given at the end 
of the design step; when all the necessary information has been defined as well at the 
level of the architecture as at the level of the state transition diagram. 
- This design step defines the architecture of the tool in order to have the possibility 
of using the tool throughout a network and of choosing the software to manage the 
database and of supporting the IT implementation. 
- Next the GUI forms of the tool are defined in detail with the position of each 
button, colour, label, interface device. The definition of the GUI form is created with 
the UML formalism and leads to the definition of a class diagram for the IT 
implementation. Then a specific tool called NetBean is used to implement it. 
- Another detailed class diagram is defined to represent the classes focused on the 
definition of the database with attributes, functions and links. 
- In this step, a state / transition diagram is needed to describe the time-dependent 
behaviour of the system. Indeed, this diagram is an introductory picture to define the 
main states of a project (In Progress, Ended, and Dormant) and the transitions 
between these states. 
IT implementation: this step aims to define the database, the class diagrams for the IT code 
and the IT code. 
- The database definition is supported by the previous conceptual model of 
collaboration (Figure 34) and by the detailed entity / relation diagram of the data 
model (Appendix A, Figure 81). These two diagrams lead to the detailed definition of 
tables and the data stored within the database. 
- Following that, another detailed class diagram is defined to group the IT classes, 
database classes, and GUI classes into the same class diagram in order to support the 
IT implementation (Appendix A, Figure 82). 
- Finally, the IT code links the database and the GUI forms in Java language. 
The description of this IT implementation step is not scientifically relevant because it is 
"traditional" IT work. Thus, this step will not be described in the thesis. Nevertheless, some 
elements are presented in the Appendix A in order to show an overview of the work 
completed in this step. 
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5.3 Design and implementation of CoCa 
This section describes the main steps of the approach for the development of CoCa 
(analysis and design) with their sub steps. 
5.3.1 Analysis: specification of the tool 
The definition of the tool specification began with the definition of the main functionalities 
and constraints (Figure 39). The main objective of CoCa is to help the analysis of the 
collaboration in design projects by storing a large pool of data on collaboration and make it 
available to the analyst. Thus, the implementation of the model of collaboration needs to 
track the collaborative events occurring in many design projects with their contexts and 
collaborative criteria. This is the main function (Fm: Functionm. in) of the tool: "Track the 
collaborative events". The achievement of this main function is achieved by primary 
functions (Figure 39). 
The analysis of the collaboration requires the storage of information about the global 
context associated to the collaborative events: i. e. store the context of the project, the actors 
involved in and the events themselves. 
Thus, the first primary function (FI) manages the data about the global context (i. e. the 
projects) in order to add, delete, modify or visualise the data items of a specific project 
context. This description of the project context is essential to understand the behaviour of 
project during the analysis of the collaboration. Moreover, this management of project 
context includes the management of the versions of a project, indeed when a modification 
is made to the context of a project the user may save the project as a new version in order to 
record the evolution of this project's context. 
The information about the local context and about characterisation of the collaboration is 
managed by the second primary function (F2). This management of an event allows 
addition, deletion, modification and visualisation of data on the context of the event, but 
also description of the event with collaborative criteria, and with local analysis and 
evaluation on the form of collaboration used during this event. The local analysis and 
evaluation of the collaboration supports the later detailed analysis carried out by the 
analyst. For the first version it was not planned to manage versions of events. Indeed, in the 
first version of CoCa, only the versioning of the project context is supported. Thus, if a 
modification made to the information of an event is recorded, the old information is not 
kept. The analyst can modify any information on events but CoCa will not keep a history of 
modifications. With hindsight, perhaps in a second version of the tool, the management of 
versions of events should be implemented. 
Moreover a function to manage "links" between events is implemented. This function will 
show if two events are linked by causality (if an event is the cause of the creation of another 
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one) or by a problem link (if a problem occurring in an event has an impact on another 
one). 
The last primary function (H) manages the actors involved in projects and events. This 
function will be used to add and delete actors in projects and in events, and also to store the 
information on actors such as: name, roles, seniority... This link between events or projects 
and actors is very important for a future analysis in order to understand the responsibilities 
of each actor in each event. 
All these primary functions are represented in a "use case" diagram (Figure 39) which is 
used in the elaboration of the specification of the tool with UML formalism. Another 
detailed activity diagram defines the GUI forms used by the user to have an access to these 
functionalities (Appendix B). 
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Figure 39: Use case diagram of the tool "CoCa" 
This use case diagram (see Figure 39) shows a representation of the main functions of the 
tool, now the next step is to define the main forms and the sequence of these forms 
associated with each function. The sequence of these forms is represented in an activity 
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diagram (see Figure 40) in order to define the number of forms to be implemented, the links 
between them, and to verify that all functions are supported by the tool. 
Firstly, the user has to login to the tool in order to manage the possible use of the tool 
according to the level of access rights given to him. Afterwards, a list of projects is 
provided, where it is possible to add a new project, to delete or to open an existing one. 
When the user is in the "project display" form, he can view all the information about one 
project, the list of events, manage actors involved, manage the version history and add an 
event to the project. 
In the "event display" form, all data concerning the event is shown such as collaborative 
criteria, type and subject of the collaborative event. The user can manage actors involved in 
the event; add links between two events, and make a local analysis and evaluation of the 
collaboration used. 
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Figure 40: Activity diagram 
Thus, the specifications of the tool with use case diagram (Figure 39) and activity diagram 
(Figure 40) result in the design and the implementation of the tool. 
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5.3.2 Design of the tool 
On the one hand, this part deals with the design of the tool with "state transition" diagrams 
and definition of the architecture of the tool. On the other hand the three parts of the 
architecture are defined and implemented: the database, the GUI forms and the IT 
implementation. 
5.3.2.1 Definition of the tool architecture 
As has been seen with the functionalities of the tool, CoCa is not simply a data recorder 
tool or a project management tool. The main function of the tool is to help the analysis of 
the collaboration in design projects, to help the definition of the project management 
guidelines but CoCa is not a project management tool. Moreover it is not simply a data 
recorder, because the tool stores the data in a specific way (as could be seen from the class 
diagram of the database) and is orientated toward the visualisation of the data collected to 
lead to the analysis of the collaboration. 
Consequently the architecture of the tool is composed of three parts: the GUI forms to 
collect and visualise data, the database to store the data and the IT code to link the 
database and the GUI forms (Figure 41). 
Two possible architectures could be used to define the software: "one third" or "two thirds" 
architecture. The "one third" architecture integrates these three parts (GUI forms, database 
and IT code) in the same software and computer as a stand alone software. And the "two 
thirds" architecture has the database separated from the two other parts. The database is 
installed in an independent server. Thus, all the client computers (where the GUI forms and 
the IT code are installed) communicate with the server to record and get the information 
back. This is the traditional relation between "client / server'! software. 
The first version of CoCa tool is in "one third" architecture where the three parts are 
installed in the same computer and only one analyst uses the CoCa tool. However it is 
possible, for a next version of CoCa, to have a "two thirds" architecture by installing the 
database on an external server in order to have various analysts using a CoCa client 
software. Ali the CoCa client software will be connected to the same database in order to 
manage multi-user analysis of collaboration. 
Figure 41 shows the link between the three parts of the tool. 
- The database can be opened throughout the network where the address of the 
location of the database is stored in a text file named config. txt. The first 
implementation of CoCa is able to evolve towards a future version of CoCa as a "two 
thirds" architecture. Thus, the database of this future version will be based on a 
server, and every client version of CoCa installed on each analyst's computer will be 
able to communicate with the same database by using the information stored in the 
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text file. Moreover the database is stored in the freeware FireBird [Firebird 2006] and 
managed by IB Manager. As for the database management, the whole implementation 
of CoCa is completely done with freeware. Thus, CoCa may be installed anywhere, 
without the necessity of buying anything. 
- The GUI forms have been drawn up with the freeware NetBean V4.0 and are the 
interfaces between the users and the tool to record data or visualise data recorded. 
- The IT code is implemented in Java V1.5 language and leads to the processing of 
the data by linking the database to the GUI forms. 
ird V1.5.3 Manage by Net Bean V4.0 software 
Base software 
Data Base 
IT Code GUI 
JAVA V1.5 Forms 
Interface to manage 
the data base 
Data Base address 
stored inside 
Figure 41: The architecture of CoCa tool 
In this section, the definition of the architecture of CoCa with its three parts (GUI forms, 
database and IT code) has been presented. The definition of the GUI forms will be 
explained in the following section. The definition of the database is detailed in the section 
5.3. The IT code in Java language is too long. This code is mainly focused oil the 
management of recorded inforl-nation and visualisation. Thus it is not presented ill the 
study. 
5.3.2.2 Definition of the GUI forms of the tool 
The GUI forms have been designed and implemented in collaboration with IT engineers 
and ergonomists. These forms organise and display the information defined in the model of 
collaboration to be recorded by the tool. The three main parts of the model constitute also 
the three categories of inain GUI forms: projects, project context, events. The forms are as 
follows: 
- Login form: The login step is very important to control the access rights of users. 
In the CoCa tool three levels of rights exist: user, project leader, and analyst. A list of 
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permissions is associated with each level of rights. This list of rights with associated 
permissions is described in the Appendix C. In summary, project managers, who have 
extended rights concerning their own projects; designers, with restricted rights to 
public elements of an event (i. e. no access to analysis elements); and finally analysts, 
with all rights on all projects. 
- Projects form (Figure 42): The first form after the login action lists each project 
stored in the tool with its version and its status (started, ended, dormant). Thus, the 
user opens "add", or "delete" project with this forin according to his rights (only the 
project manager can delete a project). The "visualisation" button will be available in a 
future version of the tool to access to a form to manage data and advanced searches. 
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Figure 42: Projects form 
- Project context form (Figure 43): By clicking on "open project button" or by 
double clicking on the project name, the user opens the global context of the project. 
This GUI form of the project context shows various items of information which 
define the project: the name and customer, the starting date, who the project leader is, 
if the project has a small or big impact on the company's strategy, who the actors 
involved in the project are, the state of the project (ended, dormant, in progress) and a 
text field to complete the description of the project in a few sentences. The number of 
the version of the project context and its date of creation is recorded and shown in 
this GUI form. Moreover a "history" button shows and manages these versions. The 
user also has the possibility to add a new version when he saves the project context. 
The second part of the GUI form is used for the event presentation with a detailed list 
of the events included in the project with two buttons: "history all events" which 
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displays all the events of the project and the "list of event" which displays only the 
events of the last project context. 
AGV7 Starting: Feb 07,2006 
Context of the project Version 16 
Contod created 
chent Project unpact Jul 18,2006 
SrnaU Important Status EtWed - 
ProjectLeader FillpeEtchart 
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+NipeEtcýhart calculous Desl 
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tThe prototype is named Pegase, and will be finished for the end of 2006 The senes is 
narned AGV7 and will begin for the beginning of 2007. The offer must be giyen for the 
iF ebruary 27th 2006 
Figure 43: Project context form with the list of events 
- Events form (Figure 44): In this form the local context is recorded and displayed, 
i. e. all the official or unofficial events which occur in the project. Various parameters 
are used to describe the event: the date, the name the strategic level of the project. But 
also the real time taken by the event and the perceived time 3. The actors involved in 
the event are also tracked and managed; and three text fields are used to explain the 
' Perceived time is a criteria used to evaluate the time perceived by the actors. which can be longer or shorter 
than real time depending on the interest of actors in achieving an event. Thus. perceived time can be 
compared with the real time during the analysis of the collaboration. 
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expectations, the outcome and the decisions taken during this event. All this 
information describes the local context and is intended to help in the future analysis 
by understanding the design situation. 
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Figure 44: Event context form 
Three other tabs record extra data on a collaborative event of the project such as the type of 
activity occurring during the event, or evaluation of the forrn of collaboration used or to 
make an evaluation or an analysis of the collaboration on the spot. This evaluation or 
analysis on the spot is used by the analyst to record extra information to assess the form of 
collaboration used in each event. All these tabs are mainly used to analyse the 
collaboration. These analyses and evaluations on the spot are fulfiled by the analyst during 
the event in order to record his first thoughts about the collaboration of the event. In a 
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second step, these evaluations and analyses will be used and correlated with other 
evaluations and analyses from other events by the analyst to support the detailed analysis of 
the collaboration. They will be presented in detail in a later section 5.4 with examples from 
Ederena. 
5.3.2.3 State / transition diagram 
An illustration of "state /transition" diagram (Figure 45) is also presented in the particular 
case of the project. 
/ EndProject 
Dormant Ended 
/ NewProject 
WaitProject I 
I/ Resta rtProject 
In Progress 
Figure 45: State / Transition diagram for the project 
In CoCa, a project can be "in progress" when the actors are working on it and when it is 
active. However the project can also be "don-nant" if it is in standby. For example if the 
project team is waiting for an answer from the customer after an offer, then the project is 
dormant until the customer answers. The project can also be "ended" if the product is 
delivered and if the customer has paid. 
These three states are managed in the tool to contribute to the definition of the global 
context of the project. 
5.4 Main functionalities of CoCa used in Ederena 
The previous section described the design and the implementation of CoCa. In this section 
all the main functionalities of the tool are presented and examples are described from 
Ederena to show how the tool was used in an industrial context. The analysis of the data 
recorded will be seen in the next Chapter. 
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- Context of the project: This context ensures the capture of the global view of the 
project in order to facilitate the interpretation of the various collaborative practices 
occurring. Information about actors, customer, and any other data like the impact of 
the project in the strategy of the company, or any text field to refine the description of 
the context of the project are included. 
The evaluation of collaborative events by the analyst depends on the context of the 
project. For this reason, this tool manages the versions of the project context in order 
to have a history of the modifications done on the project context and the event list 
during the project. For each version of the project context (see Figure 43) a comment 
field is filled in to give to the user the opportunity to explain why modifications have 
been made. 
Example from the industrial case study: 
Every Monday there is a global meeting to present the incoming projects and 
to review the projects in progress. Thus, during this meeting a selection of 
collaborative incoming projects is made to follow their progress with the 
CoCa tool. The project AGV7 is selected and is added in the tool by the GUI 
forms. This addition is done by the Project manager or analyst and begins by 
the definition of the context of the project (see Figure 43). 
- Event: This context of project recorded previously, shows the list of the events 
occurring in the project with the links between them. Thus, CoCa ensures the capture 
of detailed information from the local context of collaborative events included in the 
project. Events are contextualised with a specific project context. For each new event 
occurring in the project, a new event is created in the tool with the fulfilment of the 
criteria, links, analysis and evaluation (if the user has the right to do it). 
Example from the industrial case study: 
Most of the time this meeting is the first event of the project, because an 
explanation of the incoming project is drawn quickly with the definition of 
the needs and a project leader is defined. All the information on event is 
recorded: dates, times, actors involved in the event, expectations, outcome, 
decisions and comments (see Figure 44). 
- Links (Figure 46): Events can be linked by two types of link: "problem" link and 
"causal" link. The "problem" link refers to a problem occurring in one event which 
has consequences on another event. The user can explain what the problem was and 
the consequences were in a text field in order to improve the future analysis of this 
problem. The "causal" links are between two events where one event implies the 
creation of the other. Most of the time it occurs when the conclusion of one event 
leads to another action which must be carried out in another event. This type of link 
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allows better follow up of the progress of the project and its main decisions. For a 
future analysis it is essential to know the causes of the emergence of the event in the 
project. 
Project name: AGV7 
Event name: Need defhddon 
C ontew of the event 
Ust of links 
Event Two 
JNA-T-- Problem 
COUS&W 
Link PB 
In ans event we enconter a problem wNch comes ftom the event PEA -T 
What kind of problem was it ? Tune problem 
comments the re is -a pr -0 b he rr of ti -Me-1 clary 10 comp -a re-t-he -s pe-C-Mii c ati-on of th epr evi ous 
project CAF with this project - identify the references for each car make 
a planning-is too short =, 
_actors 
do the work in time but not in detail 
Save Link Cancel edd 
Unk Causal 
Ttus event is the cause of the creaUon of the event [mT- 
Comments 7Ns eventinvolvethe creationofthe noid event PAT (internal acrorrfm for the Jactmwto define who do what and when) 
Cancel eda 
- ------------ 
Save Cancel 
Figure 46: GUI form of the tab "Links" 
Example from the industrial case study: 
In the same project AGV7 and in the first event "Need definition" a problem 
occurs (Figure 46): the actors don't have enough time to carry out the tasks 
required. Consequently the tasks will be done but not in detail, the quality 
may not be good enough. Thus the link "problem" alerts the analyst by 
showing where a problem appears; afterwards he has to understand why this 
problem occurred by using the other information provided in the tool. 
- Type / Subject and Collaborative Criteria tabs: 
The tab "Type / Subject" records the type of the event (business visit, meeting, 
discussion, mail, phone ... ) and the subject of the event to store what happened. It 
could have only one type and various subjects for the event. The subjects are the 
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actions carried out during the event: decision, design, explanation, schedule, 
validation... and each subject is completed with a criteria of importance, in order to 
know if the subject is done, in progress or only planned (Figure 47). 
Project narne: AGV7 
Event name: Need deffidtion 
I st: Select 
in the list 
2nd: Select an 
importance in, 
Type ! Busirmes vi= 
i-ontext of the event Type I Subject I-ntem,, ' Ur6cs 
Content 
Subject 
lmpartancýln Progress 
3rd: C11-5to add 
Subject 
F-planation e 
rc 
fl'n 
I 0i (nedultu- Tess 
Canc ei 
Figure 47: GUI form of the tab "Type / Subject" 
CoCa implementation was based on the theoretical model of collaboration shown in the 
Chapter 4.3. Thus, the collaborative criteria of the collaboration model have been 
introduced in CoCa to differentiate the collaborative practices occurring in events. As was 
presented in section 4.3.3 ("Model of collaboration for analysis"); these criteria are used in 
the too] to describe the form of collaboration used, so the analyst can know whether the 
actors worked at the same time, in the same place, if the event was planned, prescribed or 
formalised, if the actors used specific tools, or information resources to carry out their work 
(Figure 48). 
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Project name: AGV7 
Event narne: Need deftnition 
Contw of the 
Description of the collaboration 
Synchronous Asynchronous 
In Place Distant 
Planed Emergent 
Forced Free 
Formalised No formalised 
ec'fic '00's FGPAO Delete 
iCustomer needs 
Dr. ita used 
Meeting planned every week. Patrick manage the meeting and allocates taský 
Comments 
Cancd 
Figure 48: GUI form of the tab "Criteria" 
Example from the industrial case study: 
In this event "need definition" the actors worked in the same time and place. 
The event was planned (every Monday), the form of collaboration is 
"forced" because the head of the company chairs the meeting, and the 
collaboration is mainly formalised because documents have been completed. 
At this stage no too] is used and the customer needs document is used in this 
event. A comment from the analyst gives extra information on the form of 
collaboration used in this event. 
- Evaluation / Analyse tabs: The attributes of these tabs are available for the project 
manager but not for the general user because the inforl-nation included in these tabs is 
sensitive. Thus the project manager can make evaluation and analysis during an event 
in order to begin an on-the-spot evaluation and analysis of the collaboration. 
The Evaluation / Analyse tab show the list of evaluations and analyses made. In tile 
evaluation, the analyst assesses if the actors collaborate under time pressure (no 
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deadline or urgent), if there are technical difficulties, if the fonn of collaboration is 
useful (see Figure 49). 
Project name: AGV7 
Event name: Need defbddon 
Coluem of the evau Type/subject Cmerlas Luik. s Evabiaboti/Analyse 
EvahaUon bst 
NIP 
__Who it I New eval 
A(A Evaluation Need definition 
Deiete eval 
Evaluation name 
Open 
On the spol febfuary 7.2t 
No delay Lkgent 
I Io techrucal difficulties Techmcal difficufties 
No u6efa U-cfa 
Comments 
NO ro? aI technic aI difficulties because Ederena har, expetiErces vAth the CAF 
proiect but the lead time is short and asks specific quality requirements 
Ok Cancel 
nalysis list 
Who Nm Analysis : Guillaume Po 
dýft Anal is ys 
Open Analysis 
Cancel 
Figure 49: GUI form of the tab "Evaluation /Analyse" 
The analysis form (Figure 50) is more geared towards the assessment of the 
collaboration by quoting the level of confidentiality, hierarchical level and by various 
criteria to evaluate the quality of the collaboration: conflicts, motivation, 
communication and production. 
Example from the industrial case studv: 
In this event of "need definition", the project manager makes a first analysis 
and evaluation of the form of collaboration used. He concludes that there is 
no real technical difficulty because Ederena has experience on a similar 
project named CAF, the lead time to finish the work is short and the 
customer needs specific quality requirements. In the collaboration analysis, 
he notes that the form of collaboration is practically appropriate because the 
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actors are motivated, communicate in a constructive way, and find 
consensus; but they are concerned about taking more work on. Consequently 
the analyst does not put the sliders to their maximum. 
Anadysis Need 
Analyse narne ýO the spot lFebruary 1,7ý00671C' 
Level of Confidentiahtyý medium I-lim-arctucal Level 
Quality of the c ollab oration 
Conflict collaboration Consensus collaboration 
Low Motivation High Motivation 
Unproductive communication Constructive cominnunicauon 
Unproducbve collaboration productive collabor-ducin 
Comments 'The actors are motivated but are worried about taking more work 
I Cancrl 
--- , 
Figure 50: GUI form of the Analysis form 
The collaborative criteria are quantitative and qualitative (see section 4.3.3.3 
"Characterisation of the collaboration"). In CoCa the qualitative criteria are recorded by 
sliders in order to represent a trend and not a fixed value. This mechanism representing 
qualitative criteria by sliders is close to the Likert type scale [Likert 19321, [Edwards 19571. 
Nevertheless, in CoCa the definition of the scales is inspired from traditional French 
software development rules and have ten pips and not five as it the case in the Likert type 
scales. Moreover, in terms of improvements, a deeper study of the Likert type scale will 
lead to a better characterisation of the qualitative criteria in CoCa. For example, one of the 
improvements will be to orient the questions (or the labels) alternatively on a positive and a 
negative way as it is the case in the Likert approach. This approach could lead to the 
statistical study by weighting of the answers. This statistical study is not explored in this 
thesis, but it will be presented as a further work in Chapter 8. 
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5.5 Synthesis 
This Chapter has dealt with the development of the CoCa tool. The approach to this 
implementation was presented in the three main steps: Analysis, Design and IT 
implementation. The presentation was carried out with diagrams based on UNIL formalism. 
These diagrams were used to define the architecture, GUI forms, database and the IT 
implementation for the tool. Lastly a section has set out to explain how the tool is used by 
project managers in an industrial context. 
- Implications for the approach: 
The approach is divided into three main steps: "Analysis", "Design" and "IT 
implementation" step. The "Analysis" and "Design" steps of the approach were 
accomplished in collaboration with two IT engineers specialised in Java language and 
database. The "IT implementation" step was carried out by an external company. This 
company used the information achieved in the two first steps of the approach without 
making any changes to the analysis and design made previously in order to carry out the IT 
implementation quickly. The "Design" step was very detailed; the database and the GUI 
forms were completely defined. This detailed definition decreased the time to implement 
the IT code. 
The multiple UML diagrams lead to the definition of scenario to describe the use of CoCa. 
These scenarios contribute to a better understanding of the needs of the company for the 
implementation of CoCa. This approach is "user-centred", indeed the "Analysis" step 
begins with the definition of different types of users with scenario for each one. In this 
approach, the main rules of collaboration described in this research work were applied. The 
development of CoCa is based on the UML formalism for a generic representation. The use 
of UML contributes to building a shared framework easily understandable by all the actors 
of the project. 
- Implications for the tool: 
After the implementation of the tool, it was noticed that the tool is close to the theoretical 
model of the collaboration defined in the previous Chapter because there are no extra GUI 
forms which distort the ideas included in the model. Every GUI form in the tool is based on 
aspects included in the theoretical model of collaboration. Thus, after the implementation of 
CoCa, no additional iteration was needed to improve the models: this is a confirmation of 
the successful definition of the models. 
The CoCa tool is used by analysts to capture information, with the GUI forms, on 
collaborative events occurring in design project. The tool stores this information in the 
database in the right place thanks to the IT code in Java. Afterwards, the analyst analyses 
the form of collaboration with the tool using GUI forms and makes propositions, forecasts 
and anticipates the future collaborative situations. Thus, for the analyst the main issue is to 
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find enough information in order to analyse the collaborative practices used in the company 
and to improve design coordination. Thus the tool needs firstly to provide a search by 
keywords and attributes to find main text data. Secondly in the final version of the tool, a 
graphical visualisation of information will be implemented to represent and compare 
various forms of collaboration with common criteria. 
Lastly, the tool will provide a specific form of output to visualise infon-nation from large 
databases [Melanqon, et al. 2001]. The visualisation of data recorded will support the 
analysis of collaboration and allow the establishment of a memory of design projects 
viewed from the perspective of collaboration. 
In the next Chapter "Results", CoCa tool is tested in the industrial case study in order to 
validate the models, the use of the tool in an industrial context, and to explore the possible 
improvements in the design coordination due to the analysis of the collaboration. 
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6 Results for collaboration analysis and 
0a 
coor ination improvements 
As described in Chapter 2 "Research methodology", all industrial case studi, has been 
carried out as part of this research study. The method of experimentation is based oil a 
socio-fechnical approach [Boujut and Tiger 2002]. The author's role was to participate in 
a company workgroup and thus to introduce an external point of view. This industrial case 
study took place in an SME based in the south west of France named Ederena. 771us, a link 
is maintained between the theoretical work carried out in the laboratory and the realitY qf 
industrial life in design. 
Re-organisation & Process 
4.0 
Product Data and Process AnalywsiitshoCfocColalatbooorlation 
. 0, ý 
, 
Coordinabon improvements Re-engineering for Coordination Management 
Figure 51: Description of Chapter 6 
Thus this Chapterfirst presents work oil the fortnalisation of the organisational structure (? / 
Ederena and of the roles for the coordination of design processes. This work leads to tile 
implementation of a PDM tool to support this formalisation. Then, the anal ' 1'sis of 
collaboration using the CoCa tool helps project managers to take into account 
collaboration and informal aspects in project coordination. The final section examines the 
results of this analysis on coordination and especially the possible improvenlenis ill design 
coordination and in project manager's activities (Figure 5 1). 
6.1 Re-organisation & process re-engineering for design coordination 
This section deals with the evolution of the approach to design coordination of tile 
company. The project manager takes decisions on scheduling or on coordination rules ill 
order that actors apply them during their design work. Thus, an IT system like a PLM 
system can be implemented in order to support these coordination rules during the 
operational design work of actors. This section is divided into three parts: 
- The definition of a new organisational structure based on departments, the links 
between them and the actor's roles. 
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- The evolution of the way of managing projects in the company: the approach was 
initially to have one person in charge of each project named "chargý d'affaire" and it 
evolves toward a design project manager for all projects and a specific team for each 
project. 
- The re-engineering of processes: it must be implemented in order to formalise the 
product development process and to support the management of projects. 
6.1.1 Organisational structure 
Due to the growth of Ederena and the consequent large increase in the number of 
employees, it is necessary for the company to manage the integration of new people into 
their new functions in a short time, and to match their skills to the needs of the company. 
So, in this context, actors need to have clearly defined roles so that they can contribute to 
projects efficiently. 
The company is made up of 7 departments: marketing, technical: in charge of the product 
development (design and industrial i sation), logistics, buying, manufacturing, quality, and 
financial. Although informal definitions of functions within the company were established, 
actors needed a more precise definition of the departments of the company, the functions 
within each department, in particular within the Technical Department. The goal of this 
definition of the organisational structure was to formalise the general organisation of the 
company and to allow the positioning of each actor clearly according to their skills and the 
tasks that they must carry out. This definition leads to the management of the workload at 
the company or department level. It would also lead to the definition of the department, the 
users, the functions, the responsibilities, the future organisation. data and process 
management tools according to the specific needs of the SME. Consequently, through 
successive iterations, the study allows the organisation to evolve and adapt and changes the 
project management toward a better coordination of projects by project managers. The 
overall objective for the company is to become more effective in order to not lose its new 
markets and to retain its dominant position in Europe. 
Thus, for the purposes of this project the organisational structure of the company must be 
defined in order to support the further work on project management, processes and product 
data management. The definition of the organisational structure was divided into two sub- 
steps: definition of the departments' function and identification of each actor's roles. 
- The function definition includes the characterisation of tasks which must be 
carried out. For example an organisational chart represents the place of each person 
within each department. For each department the internal links (with other 
departments) and the external links (with suppliers, partners. customers, sub- 
contractors) are defined. 
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- The main roles included in each department are defined: for example in the 
technical department the main roles are: "manufacturing responsive", "design 
responsive", "designer", and "materials strength responsive". These roles are used to 
assign roles to the design activities identified in the project plan definition. The links 
between employees' names and roles are defined by the project manager when 
defining a project team. Consequently, actors involved in the project are defined in 
the project team and not in the project plan itself in order to have the possibility to 
change actors without changing the whole project plan. 
- The role identification allows also actors to know their place in the organisation 
accurately. Then the internal organisation of each department is formalised with the 
internal formalism of the company. This internal formalism is the first step before the 
definition with IDEFO or UML forinalism for a better communication towards 
external partners. 
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Figure 52: Organisational structure of the Technical Department 
Thus, for example the Figure 52 represents the organisational structure of the Technical 
Department: the main roles involved and their associated responsibilities. The ellipse 
represents the boundary of the technical department. outside of the circle are tile other 
departments of the company and the links between them and the external services i. e. the 
exchanges between them. 
6.1.2 Project management 
Historically, projects in Ederena were managed by a "charg6 d'affaire", a single person III 
charge of a whole project: from the order from a customer to the shipping of the final 
product. However, following the growth of the company and the taking on of many new 
projects, this method of management was not suitable, if only because there were more 
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projects than people to manage them. This kind of management may be appropriate within 
a small company with few projects, where the "charg6 d'affaire" can ensure a reactive link 
between the customer and project. He can work with all the other people in the Technical 
Department in a context of "mutual agreement" [Mintzberg 1990] where actors help each 
other in order to satisfactorily complete work through informal collaboration. 
There are now too many projects to be managed, the deadlines are increasingly tight, the 
number of employees has increased. Thus, many breaks have appeared between the "charg6 
d'affaire" and the customer and also within the Technical Department due to these 
increased activities: e. g. problems of technical aspects under evaluated by the "charg6 
d'affaire", problems of communication between people who are too busy, problems of 
technical analyses which are too quick implying financial underestimations or 
overvaluations. Such problems of communication emerge between actors within projects 
and are prejudicial to deadlines and the image of the company. Hence it became imperative 
to rationalise project management and the design processes. Moreover the "charg6 
d'affaire" often does not have enough technical knowledge to work alone on large and 
technically difficult new projects. 
Thus, these observations demonstrate the necessity to define the way to manage projects 
with project leaders. The goal is to identify the operational responsibilities and roles that 
will be used throughout the design project. For example, as previously stated, project 
management was based on the concept of a "charg6 d'affaire": who in fact always belonged 
to the marketing department. These "charg6 d'affaire" interacted with the Technical 
Department to obtain technical data when required. As a consequence, the role of each 
person was predetermined and did not evolve. With the evolution of the company, this 
context became ineffective, consequently, a transfer of responsibility from the Marketing 
department to the Technical department with the concept of project leader was proposed. A 
project leader belonging to the Technical Department is assigned to be in charge of a 
project's progress, a specific team is selected for each new project, and during the design 
process tasks are delegated to members of the team. The next step is to define how the 
responsibilities are shared, assigned and built upon from one project to another. This step 
defines the early phase of a project as building the appropriate organisational structure 
before its launch. So, when the order for a new project comes into the Technical 
Department, the head allocates names to roles: the project leader and his/her associated 
team according to the complexity of the project and the current workload. So, using a 
project leader orientated organisational structure, the project is managed by defining tasks 
and objectives controlled by milestones. 
6.1.3 Project process management definition 
The organisational structure of the company (internal departments and external partners) 
and the characterisation of the project management context (from "charg6 d'affaire" to 
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project leaders) were defined. Consequently, this study is oriented toward the management 
of the project at a global level in order to coordinate the whole design process. Initially the 
coordination was managed by the "charg6 d'affaire" who scheduled design tasks in all 
informal way and without milestones. Nevertheless in the new context of the company, the 
"charg6 d'affaire" is not going to be in charge of coordination, this responsibility will thus 
fall on the project manager from the Technical Department. Thus, a study to formallse and 
represent the project processes is necessary in order to work in a project management Way 
with a project leader and a project team. 
Consequently, the main phases of the project development process are defined which 
correspond to the definition of the product life cycle phases: for example, a standard 
lifecycle in the company is "feasibility", "design and manufacture definition", "prototype 
manufacturing", and "production", as shown in the following Figure 53. 
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Figure 53: An example of the product development process 
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This decomposition of the development process into main phases is followed by the 
definition of the sequence of the main tasks for each phase. This leads to the definition of 
the whole project management process. This process is fixed for any incoming project. 
Nevertheless, this process is defined by the quality department and is based on previous 
standard projects. Thus, in practice, the projects can diverge from this strict representation; 
"shortcuts" are possible according to the characteristics of the project. For example, the 
process followed for a product and an already known customer will not have a phase of 
feasibility and will be shorter than the process of a project for a new complex product. This 
generic product development process is a support for project managers in order not to 
forget any activity, but according to the experience of the project team, some "shortcuts" 
can be taken. 
Indeed, the task is carried out by various departments, but the responsibility to reach the 
objective and to complete this task is given to only one department. The goal is to define 
the succession of tasks by considering the different departments and the different phases, in 
order to identify more easily the different milestones that control the progress of a project. 
In Ederena, the internal quality standards are based on a global formalisation presented in 
the previous Figure 53. This representation of the main concepts of the formalised design 
process is followed by the definition of sub processes which detail who is involved in a 
task, which documents are used and produced, and what decisions are taken for milestones. 
During, these milestones, the project leader may define extra tasks not already planned in 
order to adjust the project process when a problem occurs. Thus, milestones may control 
the achievement of several tasks and introduce some predefined flexibility for the following 
tasks. Some milestones may control the achievement of a complete phase. 
The definition of the product development processes with tasks and milestones is essential 
to manage the whole product development. Indeed a detailed development process is the 
basis for controlling the progress of the project by the validation of the previous tasks 
during milestones. During milestones, if some previous tasks are not validated, then 
corrective actions can be def med to reach the objectives. 
After the definition at a global level of the project process management the project process 
management is refined at a micro level. Guidelines are set out for the execution of each task 
in the project process. These guidelines define the implementation of the tasks planned in 
the global product development process by specifying sub-tasks or sub-objectives. This 
task sub-sequence is not really scheduled, but proposed to project members as a generic 
"good practice". The definition of these guidelines is not easy because they are specific to 
the company. So, each guideline is tested in order to compare them with the day-to-day 
operational work. Several iterations are made for defining and validating the guidelines. 
Indeed, these guidelines define the relation between actors with a suitable form of 
collaboration, a definition of milestones and tasks management. 
At this micro level, an actor is assigned to each activity to implement it with total autonomy 
for its achievement, and with the possibility of asking for assistance from other actors. 
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However the person in charge must reach his objective which was predefined during the 
last milestone, and produce documents for the next milestone. The progress of the project is 
thus based on the management of milestones, objectives and deadlines. The management of 
milestones requires extra work. Actors have to communicate with all the people involved in 
the milestone in order to put the relevant documents at the disposal of the other actors about 
the work carried out before this milestone. This preliminary work is necessary before every 
milestone in order that all actors are informed about the work done and can take an 
adequate decision during the milestone. This extra work is a work not planned in the design 
process because it is included in the information management rules but it must not be 
forgotten by the actors. Then, during the milestone, the person in charge of the following 
tasks must evaluate the work carried out previously. The milestone is either validated and 
the following activities are launched, or it is refused and corrected tasks are defined in order 
to solve the problem. 
6.1.4 Information flows 
At a micro level, the product development process and project tasks are coordinated by the 
project manager. Thus, various internal tools are needed in order to help the project 
manager in this task of coordination. Initially, summary tables (like the PAT document 
Figure 54) record the documents which must be created for each state of the product life 
cycle. This first toot looks like more a check list than real software for the project manager. 
Although this check list is useful to remember a document; nevertheless, it does not take 
into account the responsibilities, the tasks, the lead time and the delay. Therefore, a new 
sort of document is drawn up: the PAT, it is an internal acronym for Project Administration 
and Tasks. This PAT is a form based on the new product development process (more 
detailed than the previous one) and allows the management of the tasks for each step of the 
process with associated documents, responsibilities, roles, departments, lead time and 
delay. The interest of this new PAT document (see Figure 54) is that it records all tasks that 
the project manager and the actors have to do. Nevertheless this document has limits: it 
does not take into account the collaboration aspects. Indeed it is only orientated toward 
coordination (who, when, for what ... ) but not about how the actors carry out tasks, with 
what supports (CAD systems, norms, specifications, previous work), resources, who is the 
specialist in this activity, etc... Moreover this document surnmarises all the planned 
documents and does not include the extra documents created in an informal way as mails, 
telephone meetings, or customer visits. Thus the PAT is not sufficient to manage project 
whilst taking into account collaboration aspects. 
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Figure 54: Extract of the PAT on the Contract definition phase 
An example of the complete document is in Appendix D. 
After the identification of the pertinent information which must be managed through the 
design process in the PAT (Figure 54). The life cycle and workflow specifications need to 
be addressed in order to implement them in the future PLM system. This specification is 
formalised by state/transition diagrams to describe the future life cycles and prepare the 
definition of future workflows. These state transition diagrams are based on the product 
development process (Figure 53). The next Figure 55 shows an example of a state/transition 
diagram for the validation of the design report. 
Re, 
Rework / Rejec 
Submit review II "" / Validate , --- / Contact customer 
ý- IiI ei Review 
ý- : ý4 Released 
) 
Figure 55: State/transition diagram of the "design report" validation 
In this state/transition diagram (Figure 55), three states (under review, rejected and 
released) can be taken by the design report. Between each state activities need to be carried 
out to pass from one state to another. The definition of life-cycles and workflows is easier 
and more understandable with this sort of diagram. Effectively, the states of the life-cycles 
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are already defined in the state/transition diagrams and the activities of the , %, orkflows are 
also partially defined. The corresponding workflow will be described in section 6.2.2 
(Figure 60). 
6.1.5 Detailed processes 
The first activity in the PAT is the technical specification of' customer's needs through 
interaction between the customer, the Marketing Department and the Technical 
Department. The goal of this activity (called CND for Customer's Needs Definition) is to 
define the needs of the customer well enough in order for the Technical Department to 
carry out a technical quotation and be able to generate, at the end ol'the activity, a financial 
proposition. 
Nevertheless, the definition of this CND activity in detail is not easy; the project leader can 
use several processes in order to define the inter-actor exchanges. So, several scenarios 
were observed which represent different processes in carrying out this first activity. 
Example from the industrial case study: 
-I st scenario: 
Initially it was expected that the marketing department would transmit all 
necessary information in order to carry out a technical quotation to the 
Technical Department. The principal problem of this scenario lies In tile fact 
that the marketing department does not have sufficient technical skill to 
collect all the technical information. So. the Technical Department had to 
rebuild the customer's file and to contact the customer again in order to 
collect the correct information needed to carry out the technical quotation. 
During this first scenario, the marketing department was in charge of an 
activity for which it did not have adequate skills. Moreover the 
responsibilities and the interconnection between actors had not been 
formalised in advance. After this first scenario the project leader decided to 
change the scenario. 
- 2nd scenario: 
In order to force the collaboration between marketing and Technical 
Departments a document template was defined where all the technical 
information required to carry out a technical quotation was collected. The 
Marketing Department member had to fill in the document template and 
transmit it to the Technical Department in order to make the quotation. In 
this case the main problem lies in filling in the document template, indeed 
the document was often left incomplete and thus some information %%as not 
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processed. This was because the Marketing Department member did not 
have the necessary skills to adapt to each new quotation that asked for 
technical and specific information about the product, or about the customer. 
The template is only an appropriate response for a routine quotation where 
the information to be collected is always the same. Furthermore, most of the 
time, at least in this SME, quotations are specific to a product and / or a 
customer. At the end of this scenario the project leader tried another 
scenario. 
- 3rd scenario: 
The project leader proposed that the technical person responsible went to the 
customer with the Marketing Department member to collect all information 
necessary to carry out the technical quotation. However, this process was too 
constraining. Indeed, the technical person had to be present for many 
operations which did not concern them such as, for example, the marketing 
presentation. Thus the technical person could carry out the quotation 
successfully, but lost a lot of time in travelling and "passive presence". This 
scenario thus also increased the problem of the workload of the Technical 
Department. 
- Last scenario: 
This scenario is a blend of these previous processes. A first visit to the 
customer was made by the Marketing Department in order to establish the 
feasibility of the product at the marketing level, and then, if it was necessary, 
the responsible technical person had a meeting with the customer to collect 
all the technical information necessary to carry out the technical quotation. 
The meeting could have been a physical one or by phone; with or without 
the Marketing Department member according to the complexity of the case. 
In this scenario the Technical Department had the responsibility of 
discovering the information necessary to carry out the quotation with a 
formal coordination by mutual agreement with the marketing department. 
The last scenario is currently applied usefully in the daily work of the 
company. In Ederena, it was observed in non-routine activity that the project 
managers prefer to maintain flexibility by using encouraged collaboration in 
order to let actors be reactive. 
This example shows how the first task of the development process is now carried out in 
projects. Moreover, such a study demonstrates that the level of granularity is not detailed 
enough to coordinate every task in only one way. Thus, a similar study must also be carried 
out for all the activities of the product design process in order to redefine the processes in 
detail. 
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Nevertheless, the main problem is for the project manager to choose the right sequence or 
process to be reactive in the face of any situation by keeping enough flexibility in these 
processes. We are going to see various other aspects of this problem through this Chapter 
and possible solutions in the Chapter 7 "Discussion". 
6.1.6 Conclusion 
IA 
This section 6.1 has introduced the work of characterisation carried out in the company 
partner about: 
- The organisational structure of the company with the definition of the 
departments, functions, roles and actor's skills. 
- The project management approach with the management of project by a project 
manager, a project team constituted according to the available and necessary actors. 
- Ile definition of project processes at a global and detailed level in order to 
schedule and manage the design tasks. 
All the improvements in design coordination are based on this characterisation. 
Consequently a new organisation and a formalisation of the product development process 
were proposed, implemented and observed. All these observations show the need to 
structure the project processes and product data management. Moreover, a recent 
partnership with a customer in the field of rail transport has encouraged Ederena to evolve 
toward a rationalisation of its organisation in order to achieve quality and design standards. 
However this formalisation must not strangle innovation. So, it is necessary to study how 
this new organisational structure and project processes can retain enough flexibility in order 
to allow actors to keep the necessary amount of freedom to collaborate. 
The next section outlines a global methodology, based both on that existing and on this 
experience with an SME. This methodology aims to prepare the company for the 
introduction of a new information system. It is then applied and the results are developed 
for Ederena, the company studied. 
6.2 Product Data and Process Management: toward PLM tools 
At the beginning of the study, the Technical Department at Ederena used 3D CAD, 21) 
drafting and a small ERP (Enterprise Resource Planning) software system. All these 
systems were used by different actors according to their own skills and knowledge. Indeed, 
actors do not use the same system (for example, one designer works with 2D software, and 
the other uses the 3D CAD system). No structured approach to the use of these systems 
existed: this leads to difficulties in transmitting, sharing and accessing the information. The 
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company wished to define such an approach and train its employees in order to rationalise 
information management. Again, the increase in the number of employees highlighted the 
need for the better management of the files created by actors and all technical documents, 
in order to reduce misunderstandings and time wasted in searching for information. The 
objective was to be able to identify each element of information, its support, its scope and 
the person responsible for its validation. 
T'his industrial objective is closely linked with the aim of this research: improving the 
coordination of design projects by project managers. Thus, after the study of the 
organisational structure of the company, the reengineering of its design process and the 
formalisation of its information flows, the company needs to find an information system to 
support this approach and to assist project managers in their work. Moreover, the 
Coordination and collaboration aspects were defined in models, the tool CoCa was 
implemented to support the analysis of the collaboration in projects, and then, the next step 
is to study how the coordination can be supported by taking into account the results of this 
collaboration analysis. The PLM systems are mainly used in companies to manage the 
product data, and to support the management of design processes (with many coordination 
aspects). Thus, these PLM systems are logically studied in this research in order to see how 
these systems can support the management of the coordination when taking into account 
the results of the collaboration analysis. 
Thus, the company wants to implement a product data and process management tool which 
would be well-adapted to the company setting. This implementation started with the 
definition of a prototype implemented through a PLM tool named "WindchillTm". This 
prototype formalises the study carried out on the coordination of design projects and the 
possible experimentations of solutions to support the work of project managers. These 
solutions are based on definitions of project plan, workflows and activities. Moreover the 
implementation of this prototype led to the definition of a methodology specifically for the 
implementation of PLM system in an innovative SME. 
The description of such a methodology is now introduced and then the prototype will be 
described. 
6.2.1 Methodology for PLM implementation 
In the proposed new organisational structure the level of formalisation is increased and 
implies a more meticulous approach to achieving the administrative tasks carried out by 
actors including storing documents in the right place, scheduling design tasks and 
validating the finished work. 
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Thus, it is necessary to use a tool to help them in the completion of these extra formalised 
tasks. Hence, the company management chose to test PLM tools to help actors in the 
management of data and projects. 
In Ederena, it was observed that a PLM tool cannot be implemented without prerequisite 
steps being carried out in order to adapt the tool to the company [Pol, et al. 2005b]. In this 
section a methodology is synthesised to support the achievement of these prerequisite steps 
before the implementation of a product data and process management tool. These steps 
focus on the organisational structure of the company, its design project process 
management and its product data management. 
The methodology details the several steps initially identified in Ederena and attempts to 
generalise them for SMEs developing manufactured products. 
The prerequisite steps, which lead in to the implementation of a PLM system, are divided 
into two main phases: analysis phase then specification phase. 
The analysis phase is based on the study of the existing organisational structure and process 
of design, and the Specification phase corresponds to the definition of the new 
organisational structure and process. 
The "Analysis" phase is composed of three main steps: 
Definition of the organisational structure of the company (departments, roles, 
internal links). Generally, the representation of this structure is based on the 
IDEFO formalism in order to characterise the functional view of the company in 
terms of departments, persons, roles and information exchanges. The analysis of 
the organisational structure is divided into two sub-steps: 
" Internal structure: as achieved through the case study with the description of 
the departments (as shown in Figure 52) and with the functions, roles and 
names of each person (with an organisational chart to represent the tree of 
departments and persons). 
" External structure:, in order to take into account collaborations inferred by 
strong partnerships (links with suppliers, customers, partners, contractors). 
2. Definition of the existing design process: Often both following models are based 
on the IDEFO formalism in order to have a shared framework between the 
company's employees, but here Ederena formalisms are specific. 
" Modelling of the 12roduct development process composed of design tasks. In 
Ederena this product development process was defined with an internal 
formalism as is shown in the Figure 53. 
" Modelling of the Rroiect management process with coordination aspects and 
control tasks. In Ederena, the project management process is based on the 
combination of the Figure 54 (the PAT) and the organisational structure 
(Figure 52). The PAT is used to define the phases of the project with the 
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documents to fulfil at each phase of the project. The actors' roles in the 
project are defined in the organisational structure (Figure 52). This is due to 
the Ederena way of project management based on the achievement of the 
main documents/deliverables. 
These models include the identification of information used during the project: 
transformed information, support information as well as control information. 
3. Identification and characterisation of the information flows: UML formalism is 
used to describe in detail the information flows with class diagrams for the 
product and project data structure, and state-transition diagrams for life-cycle 
description. Thus in this step, two main sub-steps must be carried out: 
" Synthesis of inforination used as product and project data, and identification 
of their respective structures. 
" Characterisation of existing life-cycles (states and actions) for product and 
project data. 
The "Specification" phase is composed of four main steps: 
Definition of the future organisational structure including: 
" Internal structure. 
" External structure. 
" Definition of the organisational roles using UML use case diagrams to 
characterise actors' needs and tasks that must be characterised before the 
starting the project, as proposed by [Eynard, et al. 20041. 
2. Definition of the future global design process: 
" Global definition of the product development process. 
" Global definition of the proiect management process. 
An IDEFO model is defined that characterises the different phases, activities and 
milestones of the project. 
3. Definition of the information flows: 
" Identification of pertinent information to be managed through the design 
process and definition of its structure, using the UML class diagram 
formalism. 
" Characterisation of correlated life-cycles using state - transition diagrams in 
order to specify tasks, responsibilities, resources, and validation processes. 
4. Detailed definition of the product development process based on UML sequence 
diagrams. These diagrams include the information flows and human activities 
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previously defined in order to specify detailed activities for team members upon 
identified information. The aim is to specify the future functions that will be 
implemented through a PLM system. In this step 4, the definition of the processes 
is carried out at a detailed level, indeed for activities of short duration (in Ederena 
some hours), whereas in the step 2, the global definition deals with activities of 
long duration (in Ederena some days). This detailed definition leads to the 
prescription of the future possible forrns of collaboration applied in the activities 
and also to the definition of the form of collaboration desired in the design 
activities. 
These prerequisites are summarised in the following Figure 56 with the main phases and 
sub steps. 
Pre-Requisites 
FIM SpodkOw 
Figure 56: Prerequisites for the implementation of a PLM tool in SME 
This methodology is based on the work carried out in Ederena (presented in section 6.1) in 
order to implement a PLM system in the company. 
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6.2.2 The PLM prototype 
Based on the methodology just described, a prototype was implemented in order to evaluate 
the appropriateness of a PLM solution for the management of product data and 
management of projects in Ederena. The PLM prototype was implemented with 
WindchilITM ProjectLink software from PTC (Parametric Technology Corp). 
In this section 6.2.2 the correlations between the coordination frameworks presented in 
section 6.1, the methodology just described and the functionalities of the prototype are 
explained. Then, the prototype is introduced in a practical way with a description of the 
implementation and examples to illustrate the management of data and projects (which is 
the main need of the company in terms of IT system). And fimally, there is a discussion 
about the benefits and limitations of such a tool. 
6.2.2.1 Toward PLM implementation 
It has been stated previously that it is essential for the company to study: its organisational 
structure with the definition of departments and roles; the management of the project 
process; and product data management in order to be able to implement a PLM system. 
This study of the organisational structure of the company is necessary to adapt the PLM 
system to its organisation. Moreover the organisational structure of the company can also 
be influenced by the use of PLM system. Much of the Analysis and Specification work 
described in the methodology has already been done during the study in Ederena and has 
been presented in the Chapter 6. L The relation between the concepts developed in previous 
study and the concepts existing in PLM systems is now described. 
Considering the organisational aspects in WindchillTm ProjectLink systems, "Users" (i. e. 
human resource) are members of an "organisation". An "organisation" means a company 
(or company site for an extended company) and allows the management of "products" and 
"projects". A "projecf' is a concept that allows management of documents and parts in a 
traditional way. A "project" is characterised by a team, i. e. a list of "roles" and associated 
"users" and also a "project plan". 
However, the concepts of "skill" and "function" do not have equivalents in PLM systems. 
"Skills" are not mentioned in PLM systems (Figure 57). The "function" in the model of 
coordination is the position assigned to the actor, it is unique and defined in the 
organisational chart of the company. Unlike "function". the concept of role is the same in 
PLM and in the model of coordination. An actor can have various different roles in 
different projects. For example an actor might have the function of "designee' in the 
company and has the role of "project manager" in project 1, the role of "draughtsman" in 
project 2 and the role of being "responsible for structural calculus" in the project 3. 
Concepts from coordination Concepts within WindchilITM 
model 
I 
for organisational aspects 
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Actor User 
Role Role 
Organisation Organisation 
Project Project 
Function N/A 
Figure 57: Relation between coordination model and PLM concepts for 
organisational aspects 
In WindchilITM the project plan is composed of "summary activities" i. e. activities 
containing other activities, "activities" i. e. basic activities and "milestones". The two types 
of activities can be correlated to the event concept, but only the "activity" can be associated 
with a "deliverable" (i. e. an output methodological/information resource). A milestone can 
also be linked to a "deliverable". Figure 58 represents the separation between the concepts 
from project management and from product data management because these two categories 
are implemented as two separate domains within WindchilITM. The only interaction 
between them exists when an information document is defined as a deliverable in the 
project plan. 
Concepts from 
coordination model 
I Concepts within 
WindchilITM for project 
management 
Concepts within 
WindchilITM for product 
data management 
Project Project NA 
Project phase Summary activity NA 
Task Activity Workflow activity 
Milestone Milestone Workflow activity 
Deliverable Deliverable NA 
Design process Project plan Workflow 
Team Team Team 
Resource (as an input of N/A NA 
a task) 
Trigger N/A NDA 
Decision N/A NDA 
Justification N/A NDA 
Indicators N/A NDA 
Objectives N/A NDA 
Constraint N/A NDA 
- NA means Not Applicable (the concept does not exist in PLM systems). 
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- NDA means Not Directl) Applicable Ithe concept has ntA 
dirc%llý conrelgwonJerwe but it is 
jx)%%ihle to find a %%aý 1(, ýomhinc %ano u% I'l %I L,, ntcpt% to Jcfinc a dowr onccpt) 
Figure 58: Relation betAeen coordination model and ITNI concepts for 
project processes and product data management 
The -design process" concept from the modcl 1, managcd bý thc -projccl plall- ill the III Al 
system. The "project plan" is a succession of -acti% ities- or -milestoncs" to represent the 
evolution of the project. This concept of "design process- can bc mapped to the 
-workt1o%s- in PLM s)stems concerning the processes of document managcrilent. A 
"workflo%% - is a predefined sequence of acti% itics to manage the % alidation ol'a document. 
The main limitation of this %%orkflo%% notion is that a uscr-crcatcd-%4orkt1o%% cannot manage 
a project, onlý documents. 
The "resource" is described in the model as an input to support the achic%ciliclit of' all 
activitý. In the PLM s) stem this concept is used in the project plan to attach a dcli%crable to 
an acti%, itN ý it is an output created during the acti% ity 
In Windchill'", it is not possible to define "triggers" to launch design cNents in the project 
plan. These triggers are usuallý used in design to define conditions for controlling the start 
of design events. For example, these conditions could be '*%%hcn a spccific c%cnt Is 
completed" or "when the project manager authoriscs the launching of' thc c%ent". 
Nevertheless in "orkflo%%s ("hich manage documents) it is po%%iblc to %ýnclironisc 
activities to manage the starling of acti% itics. 
Moreover the -decisions-, -justifications- or -indicators- of pcrt`0rmancc takcii during all 
"activity" or a "milestone" cannot be formaliscd and stored in Windchill 1 ý*' during a project. 
Ilo"ever -decisions-, "justifications". or -indicators- can be stored in %ariables cict-Ined in 
workilow's managing documents. Thus the proposed status and lc%cI of achic%enient 
attributes from Windchilll%' ProjectI. Ink are too restricti%c to represent flicrl'orillance 
indicators or justi ficat ions. In %%orkflo%s these concepts of "dockion", -just i fication-s- or 
-indicators- are not directl,, applicable for the management of product data Ne%crtheless. 
variables can be created in N%orkflo%%s to store information and can be used to manage these 
concepts in workflovs. The management of product data with %ariabics requires it large 
amount of'"ork by defining %%orkflo%-. s %%lth 11' codc. 
The concepts of-objecti%es- and "constraints" are not used in the managcnictit tit' projects 
or in the management of product data in Windchil IT 1*1 . but these concept-% can he includc"I in 
the instructions of anN acti\ W, defined in a "orktlo%%. Fhc%c instruction% arc 1rcc text ficld-s 
where objectives and constrai nts call be explained. 
Figures 57 and 58 are drawn to clarify the relation bct%%ccn the concepts froun tile 
coordination model and from the PLM systems. These mo tables arc implcmcntcd after thc 
generic analysis and specification phases: and these table-,. %ill be differctit for other IIIAI 
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systems than Windchill'm or if a ma' I ilITNI I jor new version of Windch is created. A detailed 
description oftliese concepts is given In section 6.4. 
Considering this mapping bet%Neen models and PLM concepts and these limitations a 
prototNpe to manage standard SME projects has been implemented. Thus, a project was 
Created in WindchilW" ProjectLink in order to define all the required organisational 
structure information. In this prototype the data structure. the %%orkflows to manage 
documents and the plan pro . lect %ýcre 
defined. Moreover, the specified roles, corresponding 
rights and users in\oked in the project %%ere implemented in the project. 
6.2.2.2 Prototype presentation 
Windch II I'' "' ProJectLink allo%\s the definition of' '-document týpes- and also standard 
"document niodels- to manage standard %%orktlo\% and life-cýcles. The necessarý\ 
predefined documents are stored in a folder structure for future users access (Figure 59): 
-department- folders contain internal documents linked to the developed product and 
general folders describe the product data to be shared (documents. CAD files and product 
configurations). The \%hole configuration (folders and document tNpes and models) is 
stored as it -product development model'* in order to become a generic configuration. Bý 
using, this configuration. document types such as the design report document or aný 
document can be instantiated %%hen required b\ actors. 
'I Loalstics (1) 
ZJ Manufactunng 
Zi Markeling 
ZI Qualdy (1) 
0 Technical Defindion 
ZI 
-CAP. 0 Customet Dtawngs 
1-3 Product confturation j) 
w ZI Product definifion 
In Dersign report In Work 
Figure 59: Data structure within Windchill T%l 
The prototNpe is implemented in order to manage the product data, the associated 
documents ot'design pro. jects. and their access control and versioning. 
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Life-cycles and workflows are implemented for each "document type" from the detailed 
process modelling defined in the final step of the prerequisites of the methodology 
presented previously - in section 6.2.1. As an example, the following Figure 60 represents 
the workflow used to validate the "design report" document which is a synthesis of all 
technical studies of the product. First the author writes the report and submits the review. 
Then the validation process of the "Technical Department" manager is started. This is 
followed by three validation tasks for the Quality manager, the project manager and the 
manufacturing manager. Iterations are defined if validations are rejected. If all validation 
tests are passed then notifications are sent to marketing department for the customer (in the 
activity "Contact customer") and to the "Technical Department- manager. Adequate 
change state tasks are introduced when required. This formalism is the specific formalism 
of Windchii ITM ProjectLink where for example "submit review" is an activity, "under 
review state" is an automaton which changes the life-cycle state, "technical dept 
notification" is another automaton which sends a notification by mail and "ground" is the 
end of a sub-section of a workflow without ten-ninating the main workflow. 
po P88 
Reiected '; -% 
Start Re ected state OR Quality review End 
Submit revie Rework 
Reiected iý- 
I 
Quality mana ce 
Validated 
Re ected 
Released state Contact custome 
Desian review 
Under review state Desian manaae Validated 
Manufacturinq mangLer Validated 
_2 
Technical del)artment review Industrialtsation review AND Technical Deo n otification Ground 
Figure 60: Workilow for "design report" validation 
First the team was defined by selecting corresponding roles and actors involved in the 
product development from all relevant departments. The project plan (Figure 61) is 
implemented to represent the product development process as introduced in Figure 53 
(Chapter 6.1.3): phases / "summary activities", tasks / "activities" and milestones. The 
decomposition of a task into several sub-tasks can be defined within Windchil ITM 
ProjectLink, but it is not possible to represent the direct synchronisation of several tasks 
followed by one task. For example it is not possible to carry out the sub-activity "customer 
needs" in the same time than "feasibility study" and to synchronise the beginning of 
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"commercial offer" when these two sub-activities are completed. Only sequential order is 
allowed to define activities in the project plan. 
Deliverables are associated with each necessary activity or milestone. This allows the 
project manager to control specific document-oriented workflows by defining deadlines for 
the corresponding deliverable. Indeed the complete fulfilment of a document workflow is 
controlled by this deadline. In order to control the way that actors work (before the 
deadline), he must define basic tasks with a detailed description of objectives, expected 
actions and document production or modifications as is shown in the example of the Figure 
60. In this way the project implementation (Figure 61) is correlated to previous product 
data view (Figure 59) by the association of the main documents as deliverables of the 
project activities. 
-Plan 
ý Donej Start Dr u Finish 
P Pro ect Start Dj 0-ý, 21 oct. 2004 0 21 oct. 2004 
Feasability 91% 21 oct. 2004 264 25 oct. 2OD5 
Customer Needs 100% 21 oct. 2004 3 25 oct. 2004 
CN Revie 100% 25 oct. 2005 1 25 oct. 2005 
Feasability study 90% 26 oct. 2004 30 6 d6c 2004 
Commercial offe 100% 7 d6c. 2OG4 4 10 d6c. 2004 
1ý Deston study 100% 6 d6c. 2004 20 7 janv. 2005 
1ý Prototype 100% 7janv 2005 8 19 jany. 2005 
ý it Production 50% 20 j any. 2005 15 9 f6yr. 2005 
Figure 61: Project plan within Windchill TM 
With this plan project, some parameters may be used by the project manager to control the 
project task by task (see Figure 61 ): the "end date", "task status" and its "level of 
achievement" (done). Then, if he observes problems he will modify the project plan. 
Other optional functionalities of this PLM system are used in the prototype in order to 
facilitate actors' collaboration: for example a document viewer (CAD and office 
documents) was used to allow mark-up and document subscriptions. So, the project 
manager can use these optional functionalities to control specific events, or technical 
forums to record exchanges between actors. 
6.2.2.3 Discussion 
First of all this prototype brings three important results to the company. Firstly, people can 
view and handle the new structure of the product development process in order to 
understand what the benefit of such an organisation is and what the role of the project 
manager is. Secondly, people can evaluate the level of benefit of a PLM system to improve 
their information flows especially in the control of their design projects. At a global level 
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the prototype seems to answer the needs of the company, especially for product data 
structuring and management. It implements shared concepts such as roles or formalised 
processes through a single environment useable by everyone. Thirdly, this implementation 
allows the validation of several elements from the previously formalised model of 
coordination such as the definition of the organisational structure, the roles of actors, the 
project plan or the product data by the main company stakeholders. The experiments 
carried out in Ederena on product data creation, corresponding life-cycle operations and 
project tasks management led to an understanding of the benefits of a PLM system 
implementation in SMEs. 
Nevertheless the PLM project implementation reveals several obvious limitations. Actors 
and skills management do not exist. Indeed, the project manager has to manage the 
workload and the actors' skills (skills already known by actors as well as the leaming of 
skill) separately because he cannot manage that within WindchilITM system. Moreover; 
triggering events cannot be defined, indeed it is not possible to launch activities with 
predefined conditions (as for example if the document A is in the state "Validated" AND if 
the document B is in the state "Study" then the Activity N*5 must be launched). The 
memory of the design process is not possible because the same information is used for a 
scheduled task and its corresponding completed task and because the history of design 
process modifications is not stored. The implementation of the task concept is too limited: 
defining input and output information is not possible, except through the use of deliverables 
in the case of output information. Moreover the decisions taken during an activity or a 
milestone cannot be formalised and stored. The proposed attributes in the model of 
coordination of a process element, task or milestone, do not exist and the proposed status 
and level of achievement attributes from WindchillTm ProjectLink are too restrictive to be 
capable of representing performance indicators. At the whole project level, the project 
structure is too sequential. Convergent links between tasks are not possible; indeed it is not 
possible to have, in the project plan, an activity A and B carried out in parallel and an 
activity C which begins when A and B are completed. Moreover alternative tasks sequences 
do not exist in the project plan while these are possible in a workflow. 
This last point highlights the difficulty of implementing the necessary flexible design 
process of an SME, especially in this case study where innovation is a constant concern. in 
an SME the formalisation of the organisation is a critical point for the optimal management 
of resources. If the process is predefined at a global level, actors from all departments work 
daily in a context of "mutual fit" and this organisational aspect is rather incompatible with 
PLM functionalities. When establishing specifications for an information system in an 
SME, it is an important issue to: identify what must be really controlled and so predefined 
through a workflow; and what must be encouraged and not detailed. For example 
collaboration between actors cannot really be defined through existing project plan or 
workflow concepts. The collaboration processes are quite unstructured and the interaction 
between the various project teams' points of view leads to informal and unofficial 
information exchanges [Blessing 1994]. The management of product development 
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processes in PLM systems requires greater flexibility in the activities [Roozenburg and 
Eeckels 1995]. This flexibility notion is essential in order not to rigidify the design 
processes and to allow the possibility for the project manger to adapt these processes in 
accordance with the progress of the project. Moreover, the project-oriented approach in 
these systems must be improved in order to make a stronger link with document-oriented 
flexibilities and for a complete implementation of the proposed model for project 
coordination. So, flexible workflows linked together must be studied in order to structure 
the whole design process. Moreover, existing WindchiliTm concepts can be extended (as 
presented in Figure 57 and Figure 58) in order to directly implement the proposed model of 
coordination. 
A second significant issue concerns the process modelling using activity diagrams and 
sequence diagrams. Such diagrams can be used to describe both the global process of the 
project and detailed document-oriented workflows. Consequently, in Ederena, the processes 
of the project and the management of documents are defined precisely and this leads to 
better project coordination. 
6.2.3 Synthesis 
IT systems like PLM systems support the management of documents and partially support 
the management of projects. Nevertheless, prerequisite tasks are indispensable in order to 
carry out the implementation of such a tool successfully. In fact, this work highlights the 
fact that the implementation of a PLM tool requires a prior step of rationalisation of the 
company's work. However, this rationalisation process often leads to a generic 
representation of the organisation that is too limited in some aspects (as was shown in the 
implementation of the PLM prototype): 
- This representation tends to simplify the complexity of the socio-technical 
operations. For example, most of the time human factors are not adequately 
represented in the proposed generic model. 
- This representation is mainly rigid as the proposed architectures are often very 
stable and predefined. 
The proposed methodology of prerequisite tasks is based on the specific context of SMEs. 
Although the main steps are general and can be applied in both the context of SMEs and of 
large companies, the details of this methodology are specific to the context of the case 
study. Moreover it is specific to the document formalisation of the company, it is an 
internal representation of its organisational structure and results from several iterations of 
testing in order to match the prerequisites methodology to the reality of the company. The 
next step for the company will be to translate its internal representation into a classical 
representation such as IDEFO or UML in order for it to become understandable by 
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everybody (inside and outside of the company), and to match these representations with 
administrative standards. 
The methodology of prerequisite tasks formalises many organisational aspects but in order 
not to stifle the emergence of innovation the flexibility factor must be kept in mind. The 
introduction of flexibility could be made during the definition of the design and during the 
implementation of the tool. During the definition of the global process, short cuts can be 
defined by project managers according to the design situation of the whole project (product, 
customer, problems) in order to have various "ad-hoc" sub-processes which increase the 
level of flexibility of the global process. In Ederena, the possibility of defming these "ad- 
hoc" sub-processes in the milestones has been introduced. In other companies, during the 
implementation of the PLM tool, integrators can carry out, for example, the introduction of 
flexibility in the processes of document validation in a similar way. A specific tool could 
also be implemented: this means the implementation of a tool oriented toward the needs of 
the company for managing documents and design projects. Nevertheless this solution is 
onerous in terms of time, money and IT implementation process. 
Moreover, for example, in Ederena the relationship between the Marketing Department and 
the Technical Department is complex. The Marketing Department gives customer 
information to Technical Department which then has to estimate the cost to manufacture 
the product. This activity is formalised and planned with tasks and milestones, but the 
actors may use various forms of collaboration to complete these tasks. For example, several 
scenarios were observed which represent different forms of collaboration in carrying out 
this collaborative activity: actors can collaborate in a synchronous or asynchronous way, in 
the same place or not, with or without guidelines to carry out their work and so on, with 
scheduled tasks, non-scheduled guidelines or only objectives, being autonomous ... These 
alternatives depend on the situation and the collaborative practices used in the company. It 
was observed in Ederena that in innovative projects and non-routine activities the project 
managers prefer to maintain flexibility by using "encouraged collaboration" in order to let 
actors be reactive. This example shows that the same activity can be carried out through 
several forms of collaboration. Thus scheduling is not enough for the project manager to 
describe the conditions for achievement of a design situation. He can choose, define, or 
encourage several forms of collaboration in order to define the inter-actor exchanges. 
The collaborative aspect must be studied to help project managers to define not only a 
schedule but also prescribed interactions, methods and tools between actors, depending on 
each design situation. In this way some flexible and detailed sub-processes can be defined. 
Thus, project managers may have difficulties in choosing the form of collaboration in 
accordance with the specific context of the design situation in order to keep enough 
flexibility in the processes and to have the adequate situation in order to not stifle the 
emergence of innovation. 
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Ibus the main problem for project managers is to choose the appropriate form of 
collaboration for each design activity. A solution is based on the analysis of existing 
practices in order to understand which form of collaboration is relevant to a design 
situation. This analysis is the more convenient way to solve this problem because every 
design situation is different and no existing model or experiences can help project managers 
to choose the appropriate form of collaboration. Thus the analysis of the collaboration will 
allow the anticipation of future design situations and helps the project manager to choose 
the appropriate form of collaboration. 
After the re-organisation of the Ederena structure and the prototype implementation it was 
observed that the coordination of projects by project managers must take in account the 
collaboration aspect. Thus the next objective is now the study of collaboration and project 
management in order to introduce flexibility in a formalised process and the evaluation of 
the collective performance in a project. Consequently, experiments on new projects are 
carried out in order to improve project management by fostering the collaboration between 
actors, and by integrating flexibility into the design processes. Concretely, projects are 
followed in order to track and record the events occurring during projects. The tool CoCa is 
used in this study to record information on the collaborative events occurring during 
projects. Thus, the CoCa tool has been tested in an industrial context and will be upgraded. 
The main goal of these experiments is to demonstrate that the stored information on events 
is the basis for analysing the collaborative practices used in these events. This analysis 
helps project managers to take decisions, and coordinate the project. 
In the next section, the analysis and evaluation of collaboration with the CoCa tool is 
presented with the intention of helping managers to identify "good practice" and to define 
flexible design steps in the product design process and the appropriate type of collaboration 
between actors. 
6.3 Analysis of Collaboration to improve project coordination 
This section deals with the analysis of the collaboration and its impacts on guidelines and 
improvements in design coordination. Each design activity has inputs like customer's 
needs, requirements, constraints... and outputs such as: production description, drawings, 
product, instructions... Actors collaborate during their design tasks to reach the objectives 
(decision-making) set by project managers when coordinating. The CoCa tool is used to 
collect data on the collaboration in design activities. This data is used to analyse design 
collaboration which leads to the evaluation of the collaboration and coordination in order to 
define guidelines to improve the future coordination (Figure 62). 
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Figure 62: Collaboration study of design activities 
The next sub-section describes how the Coca tool was used to track the infon-nation on the 
forrn of collaboration in the industrial case study. Then several examples illustrate the 
information that can be stored and what analyses can be achieved. The last sub-section will 
summarise the approach used in making the analyses. 
6.3.1 Collecting data 
In the industrial case study, the CoCa tool was used to follow several different projects: 
- AGV7: The customer is Company A4 (a global leader in power and rail infrastructure) 
who demands a quotation to manufacture bonnets, for the train engine. First the project is 
about a prototype named "pegase" for the end of 2006 and leading to the manufacture of 
the series named "AGV7" in 2007. 
- TGV Duplex: The customer is Company A again which asks for quotations from their 
suppliers each year with regard to the internal partition panels and floors for trains. 
The names ofthe companies are hidden for confidentiality reasons. 
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- Irish rail table: The customer is company B who manufactures all kinds of trains such 
as high-speed trains, light rail vehicles, locomotives, passenger coaches, freight wagons and 
etc. The demand concerns the manufacturing of tables for the Irish underground railway. 
- Tong: The company C manufactures chip making machines in Taiwan. This project 
deals with the manufacture of the centre table of a chip making machine. This project is not 
finished yet. 
- Lift: The company D manufactures lifts and demands a quotation to manufacture the 
floor of a lift. 
All these projects concern the manufacture of products by bonded sandwich structure in 
composite materials glued together. 
6.3.2 Example 1: Task analysis 
- Analysis and evaluation 
This example takes place in the project "Irish rail table". It concerns the RHPT (Weekly 
Review of the Technical Department) event (Figure 63). RHPT is the first general meeting 
of the technical department, i. e. the first collaborative event of the project. In this event the 
project manager allocates tasks and deadlines to each actor involved in the project 
In this example the local evaluation and analysis are explicit enough to understand the 
problem. During this event, some technical traps have been identified by the actors. 
The possible design traps concern the specific norms on "fire / smoke" for the materials 
used to manufacture the product. Moreover the designers worry about the resistance of the 
future product to fatigue. 
- Diagnosis 
The gap between the real analysed situation and the objectives must be evaluated. In this 
example, the materials used to manufacture the product are a new pairing (aluminium with 
stainless steel), no tests have been already done to test such glued assembly and its fatigue 
resistance. These tests take a long time (real situation) and the lead time is very short 
(objectives). Tasks corresponding to these tests do not exist in the existing design process 
formalisation. 
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Figure 63: Evaluation in the event RRPT of the Irish rail table project 
- Guidelines for coordination 
From the analysis and the diagnostic of this example, the project manager decides to 
modify existing design methods in order to integrate new steps to avoid such traps, and to 
make specific tests for "fire/smoke" norms validation and for product fatigue resistance. 
Thus, the new design steps are defined to test the assembly and the fatigue resistance early 
in the design process and record the results for a future use of these materials. These 
guidelines for coordination deal with the improvements of the product development and 
project management processes. In this example, the analysis of this event helps the project 
manager to make the processes evolve during projects and to avoid making the same 
mistake again in future projects. Moreover in the definition of the design processes, the 
project manager can select the desired form of collaboration for each design activity. Thus, 
the analysis of the collaboration helps the project manager to choose a form of 
collaboration adequate for the future activities. 
In this section the evaluation of one event alone has led to the characterisation of 
guidelines. In the two next sections, other examples show how a global analysis is 
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performed through the study of several events from the design process and their mutual 
analyses. 
6.3.3 Example 2: Local process 
This example takes place in the project "AGV7 and concerns the event "Need definition". 
During this event the objective is to define and validate the detailed needs of the customer 
in order to draw up the specifications of the product (Figure 64). 
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Figure 64: Analysis of the event "Need definition" of the project AGV7 
The beginning of collaboration analyses is often focused on the local analysis and 
evaluation of an event. In this example the local analysis shows that in this event "need 
definition", the parameters characterising collaboration are contradictory: three of them 
namely "consensus collaboration", "high motivation" and "constructive communication" 
have a good level but "productive collaboration" has a bad evaluation. The comments 
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explain that actors are fully involved but they do no have enough free time to take new 
tasks in charge (Figure 64). Thus there is no real participation of the actors: despite 
appearances to the contrary actors do not propose tasks that would be added to their 
existing and time consuming tasks. 
The links identified with other events lead to a more detailed description of the problem. 
The tasks are time consuming if comparing this product with a previous one: identify the 
references for each car, identify the standards and some of possible combinations and draw 
a schedule... as mentioned in Figure 65. For all these tasks the lead time is very short: only 
three days to complete them! 
The main problem incoming in this event is a lack of time for the actors to carry out the 
tasks. 
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Figure 65: Links of the event "need definition" in the AGV7 project 
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- Diagnosis 
In terms of diagnostics, there are problems of management of project teams that lead to this 
kind of behaviour. The project manager has to manage the workload of each actor in order 
to know exactly at any time who has enough time to do the work. Moreover the project 
manager has also to manage the "skill pool" of the team, indeed to accurately know what 
the skills of each actor are in order to associate the right task with the right actor. 
Consequently this problem is a problem of project management: the project manager must 
be able to evaluate the design tasks to do in order to assign the right actor to the right task 
in order to get the best performance in achieving this task. 
- Guidelines for coordination 
A possible solution 'a posteriori' can be to negotiate a larger period of time with the 
customer; this is how the company generally manages delays. However, that can be 
difficult and another kind of preventive solution is to manage the skills and the experience 
of the designers differently by, for example, choosing the more skilled designers when the 
delay must be short. A third preventive solution could be to improve the way the project 
manager and the team manage designers' time and priorities between different projects in a 
multi-project environment. Both of the latter solutions are new to the company and its 
inexperienced project manager. 
Consequently, the possible guidelines can be made at several levels. First in the short term, 
project managers can manage the actors' workload better, and use a scheduling tool to 
manage the multi-project environment. Second in the long term a strategy for skills 
management can be defined then applied. These guidelines will allow the assignment of the 
right person to do the tasks and to anticipate possible problems of overbooking tasks. 
Finally, project managers can improve their own technical skills in order to achieve a better 
control of task definition. 
These guidelines are defined through the analysis of a local sequence of events. These 
guidelines must be added to the global guidelines which emerge from the global process 
analysis. 
6.3.4 Example 3: Global process 
- Analysis and evaluation 
This example takes place in the same project "AGV7". It is based on the global context of 
the project in order to go deeper in the analysis of the collaboration. This global context 
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gives a global view of the events of the project, and therefore the links between events. This 
context ensures the capture of the global view of the project in order to facilitate the 
interpretation of the various collaborative practices occurring. Information about actors, the 
customer, and any other data like the impact of the project in the strategy of the company, 
or any text field to refine the description of the context of the project are included (Figure 
66). 
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Figure 66: Context project of the AGV7 project 
This context shows the list of the events occurring in a project together with the links 
between them. After having stored the context of the project, CoCa ensures the capture of 
detailed information about the context of collaborative events included in the project. 
Events are so contextualised for a specific project context. For example Figure 65 shows 
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the consequences of the problems from the event "PAT" toward another one named "need 
definition". 
All these links (Figure 66) show the design process and allow the rebuilding of the 
sequence of the events of the project from the original event to the event where a problem 
is identified. 
In this design process the collaborative criteria gives complementary information on the 
events occurring. In Figure 67, the event "tools design" is characterised as an emergent, 
free and non-formalised event. 
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- Diagnosis 
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Both project manager and technical team did not define some technical tasks such as "tools 
design", and thus the design process must be improved. 
The combination of information allows the identification of different kinds of results: 
- Establishing links between several events. 
- Establishing correlation between several parameters of different types between several 
events. 
In this example, we can see that the event "tool design" is completely emergent. Indeed this 
event was not included in the schedule, it has not been planned. 
- Guidelines for coordination 
The identification of such a situation shows that some important events are not planned in 
the initial design process. The possible guidelines can be based on the introduction of 
"nodes" of flexibility in the design process. Indeed this leads to the definition of possible 
alternative sub-processes in the main design process that will be implemented during the 
project because such events cannot be planned and defined at the beginning. So, these sub- 
processes will add new sequences into the design process according to the evolution of the 
project. Moreover, these kinds of sub-processes can be managed automatically in the design 
process by a PLM tool for example. 
As for the example 1, the guidelines of this example 3 deal with the definition of the design 
processes. Moreover, with this global analysis, the guidelines of the example 3 are more 
global and oriented towards the introduction of flexibility in the design process than the 
example 1. 
6.3.5 Approach to analyse the collaboration with CoCa results 
As can be seen in the previous examples, in the case study, a systematic and global method 
can be used to analyse the CoCa data. Firstly, the entry point Is the analysis and the 
evaluation made "on the spot" during the data recording and the "problem" links which 
help the analyst to begin the analysis. These evaluations and analyses give a first overview 
of the situation and orientate the analysis toward other parameters or events in order to 
make correlations between them. Secondly, the analysis of events is achieved with the local 
context and the collaborative criteria in order to have detailed information that will allow 
understanding of the whole situation and its origin to finalise the analysis. Afterwards the 
same approach may be repeated for each event linked with another one. And finally the 
global context of the project may be studied to correlate all the information found from the 
beginning of the analysis with the global context of the project. At the end of the analysis 
the analyst has identified situations where technical problems or problems of collaboration 
appear, or where the collaboration is useful and "good practices" can be identified. This 
identification is based on the analysis of the CoCa results. Based on this identification and 
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on the complete analysis the analyst can then propose "guidelines" to improve the design 
coordination. 
6.3.6 Synthesis 
Section 6.3 shows the consequences of the analysis of the collaboration in defining 
guidelines for coordination. The data collected by the too] CoCa is used to analyse the form 
of collaboration, to make diagnosis on the collaboration and finally, to propose guidelines 
in order to improve the coordination. 
The test of CoCa tool in the industrial case study confirms that the analyst can make an 
analysis of the collaboration in order to improve the coordination (the amount of data 
collected is: 6 projects, about 100 events and 12 versions of projects). 
The data collected with the too] allows the analysis of collaboration to be made by also: 
- Comparing the form of collaboration used in different projects. 
- Comparing the theoretical process planned by the Quality Department and the real 
design process completed by the designers. 
The analysis using the CoCa toot allows the definition of extra steps or processes in the 
global theoretical process based on these defined guidelines. These guidelines lead most of 
the time to the introduction of flexibility in the design process. 
Thus, these guidelines defined thanks to the analysis of the collaboration impact directly the 
way of coordinating projects. The next section shows the consequences of these guidelines 
in the industrial case study. The consequences are about the introduction of flexibility in the 
design process, thus we are going to see how flexibility can be introduced within a PLM 
tool, and the improvements to the coordination. 
6.4 Coordination improvements and flexibility introduction in the 
design process 
The analysis of collaboration aspects leads to the understanding of the forrns of 
collaboration occurring. This collaboration analysis allows the definition of guidelines for 
improving coordination aspects such as for: 
- The definition of the organisational structure including internal structure, external 
structure and definition of the project phases. The project manager manages and 
adapts the project team based on the skills and roles required in the project, 
- The definition of the future global and detailed design processes by describing the 
product development process and the project management process separately. This 
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definition is based on the identification and scheduling of the right design process. 
The analysis of collaboration aspects helps the project manager to define (or adapt for 
projects in progress) these processes in a flexible and detailed way, 
- The selection of the form of collaboration for each design activity with the co- 
ordination rules (direct supervision, mutual agreement or normalisation), with the 
desired kind of communication between designers (diffusion, collection, circulation, 
exchange, meeting, knowledge sharing), and with the definition of a preferred type of 
collaboration (free or forced, synchronous or asynchronous, in the same or different 
places). 
6.4.1 Consequences for the project manager 
The analysis of collaboration leads to the definition of guidelines in order to improve 
coordination aspects and the implementation of detailed design processes. Guidelines are 
indications, advice given by the analyst to the project manager in order to help him 
improving the coordination of design, i. e. the organisational structure, the design process 
definition, the methods and tools to be used by actors, or the way that actors may 
collaborate. As we have seen in the previous section 6.3. analyses and diagnostics of the 
collaboration are described through three examples and some guidelines are proposed to 
illustrate how coordination can be improved. Some guidelines lead to the formalisation of 
more detailed processes and towards the introduction of flexibility in the design processes. 
This flexibility is a primary concern for SMEs in order to remain reactive in view of the 
unpredictable nature of design. 
In Ederena, the global and defined design process was predefined and rigid. Now, with the 
guidelines, the design process is still predefined but also more detailed and flexible to take 
into account several possible design situations. The management of the design process is 
based on the scheduling, monitoring and control of the design activities. 
The guidelines allow the: 
- Formalisation of the design processes and activities to a greater level of detail, 
- Definition, the control and the monitoring of tasks for quality control and project 
management, 
- Establishment of flexible nodes in the design processes. These nodes are 
formalised by milestones in the process where project manager must take decisions 
about the design process to be scheduled using adequate criteria. The criteria are 
based, for example, on performance indicators, design objectives, completed process 
analysis, diagnosis of the progress of the project, technical results... 
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6.4.2 PLM specifications to support coordination and collaboration 
The implementation of a PLM tool based on the coordination model has been presented 
previously in section 6.2. In this section the impact of the analysis of the collaboration and 
resulting guidelines on PLM tool implementation is studied. The specific implementation 
of a more detailed and flexible design process is presented through: 
- The workflows to model the design processes, 
- The lifecycles to manage the various states of the documents, 
- The project team management in order to assign an actor to a role, 
- The management of the document access according to design actor. 
The study is based on a specific sub-process from the industrial case study: the CND 
(Customer's Need Definition) process. This example has already been introduced in 
Chapter 6.1.5 and is used in this section to show how the analysis of the collaboration with 
Coca can lead to the proposition of possible guidelines and how these guidelines can be 
introduced into a PLM system. 
Context: 
Initially, the CND document was managed entirely by the marketing person who builds it 
and validates it in collaboration with the customer. Indeed, this design phase defines the 
specifications of the product from the need expressed by the customer. First the marketing 
person defines the CND document with the customer, and then he validates the document 
and sends a notification to inform the technical department that the document is complete 
and asks them to make a quotation. In the PLM system this process is introduced through a 
workflow that manages the lifecycle of the CND document as is shown in Figure 68. 
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Figure 68: Initial CND process 
Analysis of the collaboration: 
From the analysis of this initial situation various problems were identified: 
- The description of the CND process is too global and does not incorporate any 
details and flexibility. 
- Only the marketing person is involved in the validation of the document. 
- However, the marketing person does not necessarily have the adequate technical 
skills to deal with every customer. 
- He may not have enough time to carry out all of the CND process. 
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- Problems of data management appear between the Technical and the Marketing 
Department. 
With the analysis of collaboration with the CoCa tool, the project manager can define 
guidelines and more detailed processes depending on the situations encountered. As a 
result, the CND process is updated and is described by the following points (see Figure 69): 
- The marketing person evaluates the needs of the customer, he may then select one 
of the four following tasks: 
- Validate the CND document. 
" Reject the project directly if the customer needs are not appropriate for the 
company. 
" Meet the customer alone in order to make a deeper evaluation of the needs. 
Afterwards the project then the CND document can be rejected or validated. 
" Meet the customer with a designer if technical skills are necessary ("customer 
visit 2"). In this case the CND document arrives at the state "study" without 
validation. 
If the CND document is validated, it moves to the state "study" in which the CND 
document is under control of the designer. 
- In the state "Study", the Technical Department make a design evaluation of the 
CND document and the designer may choose between four alternatives: 
" The CND document is validated if the necessary information defining the 
specifications is correct and complete. 
" The CND document is rejected with information to the Marketing Department 
and a notification to the customer, if the needs of the customer do not fit with 
the company know-how. 
" Nevertheless, an extra visit to the customer can be planned by the designer 
alone in order to finish the CND document definition. 
" An extra visit can be also made by the designer with the marketing person in 
case of a strategic project. 
For last two alternatives, the meeting is followed by a combined validation 
(between the Marketing and the Technical Department). Then the CND document 
is validated, rejected, or extra work is necessary: for example if the needs do not 
fit exactly company capabilities, but a quotation can be made by involving 
external partners. 
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Figure 69: Final CND process 
In this last case, this extra work is converted into an "ad hoc activity" introduced 
into the process just after the "combined validation" and before validating the 
CND document. This "ad hoc activity" allows the creation of non-predefined 
activities dynamically. For example, it is typically a solution for the problem of 
Irish rail table project presented in the example of the section 6.3.2. In that 
example the presented RHPT meeting corresponds to the combined validation 
meeting where the technical and marketing departments evaluate the document. 
During this meeting, the project team notices that the materials must be tested, in 
particular on the fire/smoke reaction before the validation of the customer's needs. 
These tests are indispensable to validate the feasibility of the product with these 
materials. This emergent activity (not planned previously in the design process) 
needs to be managed and must be included in the design process. Thus, the "ad 
hoc activity" can be used to implement the fire/smoke test on the new assembly 
materials for specific actors, therefore giving the right information that determines 
whether or not the CND document is validated. 
There are many benefits from this new CND process. Firstly the process becomes more 
detailed and flexible than the previous process. Then, the problem of technical skill is 
reduced thanks to the involvement of the technical department earlier in the process. 
Finally, the workload of the marketing person is improved because in the final process, the 
visit to the customer by the marketing person is not always necessary and depends on the 
characteristics of the project. 
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Nevertheless, in this new process the level of flexibility is limited, because it is introduced 
at the beginning during the creation of the process with the routing between the different 
activities. Thus, the process becomes more flexible but in the face of the unpredictable 
nature of the design, the process is not immediately reactive. Indeed the actors have to wait 
for a routing point (a node of flexibility) to be able to take advantage of this flexibility and 
to take a decision. The reaction cannot be made instantly afier the emergence of design 
changes. Thus the ideal objective of the coordination is to manage projects in real time with 
a flexibility which is continuous and evolves dynamically. So, this solution with PLM 
systems, based on detailed processes with the introduction of some flexibility is only a 
partial solution. From the results of the case study, it has become clear that some further 
areas need to be addressed. For example: actors and skills management, triggering events, 
merging documents workflow and project process, and also the ability to re-use and build 
planned/completed/modified processes. The implementation of the task concept is not 
satisfactory: it is not clear how input and output inforination may be defined other than 
through deliverables and the elements to make decisions cannot easily be formalised. 
6.5 Synthesis 
We have seen in this Chapter 6 how the analysis of the collaboration with CoCa tool can be 
used to define guidelines for improving design coordination aspects. 
The analysis of the collaboration form is drawn up by a combination of different 
information: 
- The establishment of links between several events, 
- The establishment of correlations between several parameters of different types 
between several events. 
The study of the collaboration is composed of three main steps: analysis of the forrn of 
collaboration, diagnosis on the collaboration and coordination, and guidelines definition for 
improving coordination. These guidelines deal with the management of the organisational 
structure of the project (team and skills management), with the definition of detailed and 
flexible design processes and with the selection of the adequate form of collaboration for 
each design activity. 
The analysis of the collaboration helps the project manager to adapt and manage the design 
team during projects. This management implies the choice of the right person for the right 
role in the project; and the training of an actor to specific situations in order to improve his 
know-how. The example 2 (section 6.3.3) illustrates this problem of team management in a 
real case. 
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The re-organisation and process re-engineering for design coordination demonstrates the 
importance to structure projects into processes and to manage the product data. In this 
situation the main issue is to retain enough flexibility in order to allow actors to keep the 
necessary amount of freedom to collaborate. During the industrial case study observation it 
was noticed with the analysis of the collaboration that schedule was not detailed enough 
and both project manager and technical team did not define some technical tasks. The 
examples I (section 6.3.2) and 3 (section 6.3.4) illustrate this problem of design process 
definition. So, the analysis of the collaboration leads to the improvement of the design 
processes through different approaches: 
- by analysing and defining the specific parameters of situations encountered, 
- by introducing tasks to make decisions (like milestones) before "risky" situations 
in the existing design process in order to introduce flexible sub-processes and to not 
stifle collaboration, 
- and by introducing more detailed tasks sequences into the design process. 
It was shown in the example of the CND (in the section 6.1.5) that a design activity can be 
carried out in various different ways by the actors. The analysis of the collaboration with 
CoCa helps the project manager to identify these different ways and to select the desired 
fon-n of collaboration by defining: the co-ordination rules, the desired kind of 
communication between designers, and the type of collaboration. 
Consequently, the tool CoCa allows: 
- Establishment of a memory of design projects according to collaboration point of 
view, 
- Fostering of the understanding of design collaborative activities, 
- Improvement of managers' decisions. 
We have seen also that a product data and process management tool is an infon-nation 
system that can support, with limitations, the design coordination. Thus, this information 
system needs improvements to manage projects property. The solution based on the 
formalisation of detailed processes and their use into PLM systems is only a partial solution 
because this solution does not take into account the collaboration aspects. These 
collaboration aspects are very important to understand all the factors influencing the 
coordination. 
As we saw in previous section 6.2.1, the prerequisite tasks are indispensable before 
implementing product data and process tool. So, during the implementation of the 
prerequisites, enough flexibility must be kept in processes to foster collaboration between 
designers in order to not stifle the emergence of innovation. 
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The product data and process management is a main concern of the companies. It is almost 
indispensable to implement a tool in order to help actors in data and process management. 
At this step the question appears of what sort of tool is more convenient for the company 
situation, a specific or generic one. A specific tool is burdensome in terms of resources: 
there must be sufficient IT skills in the company otherwise these skills must be brought into 
the IT Department, from the outside to manage these systems. Implementing such a tool is 
a long process requires people in charge of its maintenance is indispensable. both in order 
to solve problems which occur during its daily use and to customise the tool according to 
the specific situation of the company. However, such a specific tool would have the 
adequate functionalities for the specific context of the company. 
Implementing a generic PLM tool is also burdensome, difficult. and expensive. In the case 
of SMEs the costs may be reduced, but generally the match between company needs and 
the configuration of the PLM tool is not complete, especially for implementing the 
complete design coordination principles. Moreover, a PLM tool cannot manage the global 
process of a project because it only manages documents and their validation processes. It is 
possible to add extra specific tools linked with generic functionalities supported by the 
PLM tool, for example, a specific tool can be used to manage the development product 
process from the project manager's view. 
In the short term, the consequences of the collaboration analysis are focused on 
improvements for design coordination. These analyses of the collaboration lead to a better 
definition and formalisation of the design processes. Nevertheless, the project manager 
must take care to not rigidify the design processes by too many details. Thus, we are going 
to see in the next Chapter how the project manager can formalise detailed design processes 
whilst keeping enough flexibility to react dynamically in the face of the unpredictable 
nature of the design. 
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In the previous Chapter "Results ", the outcomes of this research work were presented. 
These results Win to support the coordination ofprojects. They are based on the definition 
of an organisational structure and design processes. On one hand, the possible tools like 
PLM tools are studied and tested to manage the coordination of projects. On the other 
hand, the anaývses of the collaborative practices are explained. These two last results are 
the basisfior the definition qfpossible iniprovementsfor design coordination. Consequently, 
this Chapter /7 "Discussion " sets out to evaluate the work carried out during this research 
in terms of synthesis, discussion and possible improvements. This approach is essential to 
stand back from these results and to propose new perspectives andfurther evolution. This 
discussion deals with the CoCa tool, the analysis of collaboration, coordination in design 
projects and the tools to support the coordination and collaboration in design such as 
PLM. 
7.1 Implication for CoCa tool 
The CoCa tool has been presented previously in terms of its design definition, 
implementation, and use in an industrial case study environment to analyse collaboration. 
Now a synthesis, a discussion and possible improvements to CoCa are given. 
7.1.1 Synthesis on the CoCa tool 
The use of CoCa helps project managers to take into account collaboration aspects in the 
coordination of projects. In this domain, project managers often have an approach to 
coordination based only on task scheduling and control. At present, the interactions 
between actors are not completely taken into account in project management. The 
introduction of collaboration in design coordination starts with the analysis of the 
collaboration in order to understand the forms of collaboration used and to propose 
adjustments for design coordination. 
The CoCa tool groups three main functionalities: data recorder, structured database and 
visualisation of data. The data is recorded in real time during the evolution of a project. For 
each incoming event of a project, a lot of information concerning collaboration is stored. 
The event could be a formal event such as planned meeting or an informal event such as a 
coffee break. 
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All the information is stored in a database structured according to a model of collaboration 
oriented toward the characterisation of the collaboration. Finally, various GUI forms are 
used to visualise the recorded data. This visualisation aims to help the analysis of the 
collaboration by representing the links of chronology, problem and causality between 
events in order to have a view of the interaction between events and therefore make 
correlation easily. One of the most important results of the use of the CoCa tool is the 
establishment of a memory of design projects by taking into account collaboration aspects. 
CoCa records all the design events with their characterisation in terms of collaboration 
criteria and practices. Formal and informal events are captured with the tool as a "camera" 
focused on the project's progress. This characterisation of design events is essential to 
complete the collaboration analysis successfully. With the tool, the actual design process 
completed is recorded in order for it to be compared with the theoretical design process 
initially defined by, for example, the Quality Department. This comparison allows the 
quality references (documents, processes, recommendations... ) to be adapted to the real 
references used during the design work by the actors. 
7.1.2 Discussion on CoCa tool 
The CoCa tool captures events, formal as well as informal ones, but it is very difficult for 
the analyst to be present at all the design events of a project in order to record all the 
necessary data about them. Moreover, sometimes various events occur simultaneously but 
not in the same place, thus the analyst cannot record all of these events. Most of tile time, in 
reality, when the observer cannot be present at an event, he records the data about the event 
"a posteriori" through interviews with the actors concerned. Although the recording of data 
after the end of the event is possible, some of data could be forgotten or recorded with an 
incorrect interpretation. Thus, the choice of the right person is difficult. The analyst can be 
the project manager because he follows most of the events of the project, but most of the 
time he does not have enough time to record the data in his daily work. Other persons may 
be chosen to fulfil this role of observer or analyst such as, for example, a quality person, 
trainees or researchers. Moreover, this observer role needs to be as neutral as possible to 
limit the subjectivity of input in the recording of the data with CoCa. This point is 
developed in the next section 7.2.2 for the discussion on collaboration analysis. 
The same GUI forins are used to record and visualise the data. Indeed, the GUI forms of the 
tool have been specifically implemented for the capture of information and not for its 
display or to support the analysis of the data. Nevertheless, it is possible to analyse the 
collaboration with the data recorded in the initial GUI forins; but the analyst has to look for 
the right data in them. Thus, at this stage the GUI forms to "search" or to visualise data in 
an optimised way are not completely finished yet and will be implemented in the next 
version of the tool. 
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The analysis of the collaboration on projects in Ederena has been validated as was 
described in Chapter 6 "Results". Nevertheless, more experimentation is needed with more 
design projects in order to compare these analyses between projects themselves. This sort 
of comparison allows multiple-analysis of the collaboration, to identify other "good 
practices" and to make correlations between events from various projects. 
Some caution is needed in respect of the use of CoCa in SMEs. The main caution concerns 
the organisation of the company, since most of the time in SMEs the projects are not 
managed as in large companies. In SMEs, one person may be in charge of the whole project 
and may ask a second actor for help in order to achieve his objectives. This second actor 
may not be clearly identified as a member of the project team. Thus, the person in charge of 
the project may accumulate various roles in the project. Indeed, for example, the project 
manager can also draw up parts, contact the customer and manage the raw material. So, the 
exchanges between various design roles in large companies are reduced in SMEs if these 
roles are taken by the same actor. Consequently, the importance of collaboration grows 
with the number of actors. 
Moreover, this thesis has shown that CoCa is an additional and useful tool to help project 
managers to analyse collaboration in projects. Nevertheless, the aim of this tool is not to 
replace the corpus5 written during project on the way that actors' work. This traditional 
corpus used by the analyst is another way to make this kind of analysis and can be carried 
out in parallel of the use of CoCa. 
7.1.3 Version 2 of CoCa tool 
CoCa is a tool which helps the analysis of collaboration. Nevertheless, based on previous 
discussion and limitations identified, various improvements may be made in order to 
improve the analysis. 
- Links: In this first version, the CoCa tool provides two sorts of links, the 
"problem link" and the "causal link" described in a previous Chapter 5.4. In terms of 
improvements, another type of link could be used such as a "Warning" link to show a 
potential danger, or to focus the attention on an event; or a "Question" link where one 
question (on the form of collaboration) is unanswered and may be answered later in 
the progress of the project. 
- Data display: The display of data is limited to the GUI forms also used for data 
capture. Thus, various functionalities must be implemented in order to drive the 
analysis of the collaboration. Consequently, new GUI forms are currently under 
s Corpus is a group of documents written by analysts during their intervention in a company and these 
documents play the role ofa reference for knowledge sharing in a specific domain. 
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implementation to improve the analysis process by semi-automated and statistical 
treatments. These statistical treatments will be able to show critical recurring 
situations by charts, curves and graphs. The first improvement on the visualisation 
functionality concerns the visualisation of the events with their links in order to 
display the project process and the problem, causal and chronological links (Figure 
70). 
Projeet : AG, 77 VI6 
AU links 
w Chronological finks S-C CwIL CI W 
vR ohlen, W*. 
Figure 70: Visualisation of the event sequence with the three links 
The analyst can choose criteria to display the event sequence of a project (Figure 71 
He can choose the version of the project context, a period between a start date and an 
end date, and the kind of links to display (causal, problem and chronological). 
Visualisation criteria Stul : Feb 07,2006 
Project: AGN77 End: Apr05,2006 
Version 116 
From Febiuary7,2006 "Hu" 
To April 5.2006 
Type of hnk [AN 
r 
Open prmous visualisation -O-K C. C,. l 
Figure 71: Visualisation criteria 
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Moreover the analyst can ask for a display of only the "problem" or "causal" links in 
order to concentrate on the pairs of events linked by these types of link. Thus, the 
chronological links do not interfere with the visualisation (Figure 72). 
ojtct: AGV7 V16 
links 
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Figure 72: Visualisation of the event sequence with causal and problem 
links 
The implementation of this improvement is now operational. 
- Multi recording: The observer encounters difficulties in the use of CoCa because 
he needs to be present at each event, and only one view-analysis is managed by the 
tool. Thus, the next version of the CoCa tool will be able to record data from several 
observers in order to make "multiple points of view-analyses". Thus, the problems of 
observer location and subjectivity will be limited and the interviews "a posteriori" 
will be used less and less. The use of the CoCa tool takes time, and observers would 
often like to reduce this. Therefore researchers interested in the collaboration or 
coordination in an industrial context could be introduced in the company to play the 
role of observer in addition to their role of researcher. 
- Sponsorship: It was noticed during the experiments that the analysis of 
collaboration is closely linked to the experience of the analyst. In terms of 
improvement it could be proposed that an experienced observer could be assigned to 
any new observer in order to train them to analyse collaboration. 
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- CoCa for light and portable systems: During the test of CoCa in Ederena, it was 
noticed that the observers often do not have enough time to use the tool in their daily 
work. Thus, the implementation of a version of CoCa specifically for light and 
portable devices such as a PDA (Personal Digital Assistant) will help the observer to 
use CoCa during his daily work without taking notes, using a laptop, or recording 
after the event. The use of a light system by the analyst will help him to record data 
"on the spot" and will take less time. 
- Semi-automatic storage of scheduled events: if CoCa is associated to a scheduling 
too], predefined tasks can be directly created in CoCa in order that the analyst has just 
to record the collaborative criteria. 
All these improvements are necessary in order to perpetuate the interest in CoCa in research 
as well as in the industrial context. For the moment, only the improvements to the display 
of the event links have been achieved, nevertheless the others improvements proposed will 
be implemented after the thesis in a postgraduate study. After the discussion of the tool, the 
next section will deal with the analysis of collaboration with CoCa results. 
7.2 Implication for collaboration analysis with CoCa results 
7.2.1 Synthesis on collaboration analysis 
In Ederena, six projects with around one hundred events have been recorded with CoCa. 
The analysis of this data leads to (see Chapter 6): 
- Identification of collaboration and coordination problems, 
- Finding improvements in the collaboration, 
- Definition of guidelines for project coordination, 
- Detailing the processes at a low level, 
- Predefining future design situations. 
Thus the analysis of collaboration with CoCa results helps to improve design coordination 
aspects. 
An approach to analysing collaboration has been defined during the case study (see section 
6.3.5). 
This analysis approach is an upward one; indeed the analysis begins with the analysis and 
the evaluation of individual events on the spot, then, an 'a posteriori' analysis of the events 
is achieved, and finally the analyst makes correlations between these analyses of events in 
order to have a global analysis of the project. It is easier to identify problems during the 
project and it is better to identify solutions before the end of the project with a global view. 
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Moreover, the links between events and evaluations and analysis "on the spot" support the 
achievement of an upward approach. This upward approach was tested and validated in the 
Ederena case study. 
The analysis work is based on the combination of several pieces of data from the events 
that have been stored. Then the observer establishes links between several events and 
correlations between various parameters from different events. These correlations help to 
understand the collaborative design activities and to identify problems or good practices. 
Finally lie is able to identify improvements in the form of collaboration used between actors 
according to their motivation, skills, interest, and the design situation. For example, the 
analysis ofeach stored event will allow the comparison of the main characteristics of the 
achieved collaboration and the evaluation of its positive/negative impact. This better 
understanding of' the collaboration will help the project manager to identify in future 
projects an adequate form of collaboration for each design activity in terms of coordination 
rules (direct supervision. mutual agreement or normalisation), of communication type 
between actors (diffusion, collection, circulation, exchange, meeting, knowledge sharing), 
and of collaboration form (free or forced, synchronous or asynchronous, in the same or 
different places). Then, during new projects, he will be able to define more precisely these 
different elements when scheduling activities to his design team. Moreover, the project 
manager can adapt and manage the project team in order to assign an experienced actor to a 
difficult task or an inexperienced one to improve the actor's skills. 
7.2.2 Discussion on collaboration analysis 
The case study showed that the validity and the completeness of the data recorded are 
strongly linked to the experience of the analyst. Indeed, the analysis of collaboration 
requires a minimum of know-how about the collaboration and coordination aspects of 
design in order to evaluate each criteria during the recording and also to understand its 
significance during the analysis. The experience of the analyst is essential both in carrying 
out the analysis and in proposing solutions for design project coordination. It is well 
established in this study that the tool only provides support for the analysis of 
collaboration: it cannot give to the analyst a detailed and automatic analysis of the 
collaboration already done. Thus, CoCa captures and displays the infori-nation in a 
synthesised way with criteria and comments. The analysis with CoCa results is more 
orientated toward statistical or systematic analysis while sociological analysis is more 
orientated toward analysis of corpus, or video capture which focuses on the actors without 
taking into account the design aspects. 
The proposed upward approach of the collaboration analysis begins with the study of the 
evaluations and analysis carried out "on the spot" and the links between events. Another 
approach can be imagined: a downward approach. Indeed, a downward approach begins 
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with the identification of global problems at the end of the project, and continues with a 
deeper analysis of the concerned events to find the causes of these problems. Nevertheless, 
this downward approach is not dynamically applicable during the project. the analyst has to 
wait for the end of the project to analyse the identified global problems. However, this 
downward approach can be coupled with the upward one in order to identify new elements 
not already analysed during the project. 
In fact the way to analyse collaboration by using CoCa is not unique, and may be adapted 
to any specific method of analysis in accordance with the situation, or the analysts 
themselves. Nevertheless any sort of approach must include the analysis of collaborative 
criteria, coupled with the global study of the contexts, the links and the evaluation and the 
analysis made "on the spot". 
The collaboration analysis in Ederena can be influenced by the analyst's subjectivity. 
Indeed, two analysts carrying out the same event can input different collaborative 
evaluations, because they do not have the same personal view of the event, the same 
involvement, knowledge of the technical subject, experience, or background. Moreover the 
comparison of points of view between two analysts can lead to the identification of new 
problems or the acquisition of new experience in their job. 
This subjectivity is introduced in the analysis process in two main places: during the 
recording of data and during the analysis itself. During the recording of data, the observer is 
influenced by his own point of view and does not really record what he sees but what he 
understands. This difference between how things are, how things are understood and how 
things are displayed could lead to different results. During the analysis phase, tile 
subjectivity of the analyst is included in the analysis in accordance with his own 
interpretation of the data. The analyst could interpret the words used in the CoCa tool 
differently, because for one analyst, behind each word (a word is information) there is a 
concept (a concept is knowledge), but for another analyst behind the same word there could 
be a different concept. At this stage of the study, subjectivity cannot be eradicated 
completely from any analysis. Nevertheless some propositions can restrict its influence by 
making the analyst as "neutral" as possible. A "neutral" analyst could be: 
- An experienced researcher, but with caution on the misunderstanding based oil the 
specifics and technical languages, 
- An external person such as a consultant. 
The analysis of the collaboration also depends on the level of granularity at which the 
analysis is made (Figure 73). Indeed, differences are noticed between analyses made at a 
detailed level (event) and analyses made at a global level (project). In design, various levels 
are taken into account when describing a situation. The global context is the project and the 
local context is the event but between these two levels there may be various intermediate 
levels of granularity, namely: projects, sub-projects, processes, sub-processes, activities and 
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events. In this study, a difference is made between "task" and "activity". This difference 
needs to be explained because most of the time, in design these two notions are used 
interchangeably. The main difference lies in the scheduling and the achievement of the 
activity or task. A task is scheduled and a task becomes an activity when it has been 
completed. 
Sub-project Sub-process Sub-activity 
-- -J 
Project -+--*(ýProcess 
\ý-4ýActivity J-10, ( 
Event 
Figure 73: Levels of granularity in design 
For example, a large project to design a plane is structured into various sub-projects like the 
"design of the wings of the plane" (see Figure 74). In this sub-project, various processes 
exist to complete the sub-project like "to validate the specifications of the front part of the 
wing". In this process, various sub-processes are defined to detail the main process like for 
example "to define the angle of attack". The sub-processes are composed of various 
activities. The actors carry out these activities to reach the objectives given for the sub- 
processes according to the coordination elements defined by the project manager: who, 
where, when and how these objectives have to be reached. For example the activities could 
be: "meeting with specialist", "propositions of angles", "tests in wind tunnel" and 
"validation". In each activity events occur, for example for the activity "tests in wind 
tunnel" events can be: "book the wind tunnel", "meeting before the tests", "Implementation 
of tests", and "debriefing". 
Plane Wing Front part ' Angle of Tests in Book wind -01f, ýýtl project design wing attack nd tunnel,,,, unnel room 
Figure 74: Example of granularity levels in a project in Ederena project 
In this form of' granular structure, information and comments have to be transmitted from 
the low level to the upper levels in order to maintain the information flow and to make 
decisions with all infiormation known. 
So, the olýjective of this example is to show what the granularity is and what the impacts on 
the analysis ofthe collaboration might be. Indeed, the analyst must decide at which level of 
granularity he wants to make the analysis: he can analyse the collaboration on one event 
(event level), or on various events (activity level), or on a group of activities (process 
level), or on the prqlect (project level). The analyst has to make correlations between 
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analyses made at a same level of granularity in order to make more global or relevant 
conclusion on the upper level of granularity. This mechanIsm must be repeated several 
times to make an analysis at the project level. Thus analysis of the events will not have the 
same results and impacts as an analysis made on the whole project. The analysis of a whole 
project is labour intensive; such global analysis relies on several analyses at each level of 
granularity (event, activity, and process levels). 
7.2.3 Improved collaboration model and approach of analysis 
From the previous section 7.2.2 various propositions are possible to improve the analysis of 
collaboration. 
The first main improvement concerns the automation of the analysis b) statistical study. 
We have seen in the Chapter 6 that the method to analyse collaboration with CoCa material 
is carried out by correlations between criteria and information. These correlations are not 
easy to find. So, this automation will be based on the analysis approach presented in tile 
Chapter "Results" section 6.3.5. This approach begins with the analysis and the evaluation 
made on the spot to orient the analysis. Then, correlations between criteria of these events 
are analysed and correlated. And this approach is repeated for each "critical" event in order 
to make a global analysis at the project level. Nevertheless, pre-requisites are needed before 
the analysis can be automated: 
- To validate the way collaboration is characterised then analysed in various 
projects, 
- To record enough data to make the statistics relevant, 
- To define adequate statistical tools to manage the data. 
Thus, the future work to make semi-automatic analysis lies in the implementation and 
introduction of statistical tools into CoCa. Semi-automatic analysis will be a requirement in 
the future because the amount of data will become too large to be managed without Such 
tools. Two steps are necessary to introduce a statistical tool into CoCa. Firstly, the 
collaborative criteria have to be validated by for example correlation in a Principal 
Components Analysis (PCA), in order to sort the linked criteria and the independent ones. 
Indeed, in Ederena it was noticed during the analysis of collaborative events (section 6.3) 
that some criteria are correlated together. For example, as was presented in section (section 
6.3.4) most of the time when the event is emergent then, this event is not formalised. Thus, 
a study of these criteria is needed on order to sort the criteria into dependent and 
independent ones with the correlation between them. This study is necessary to make a 
Principal Components Analysis. Secondly, the statistical tool itself must be implemented to 
exploit these criteria. 
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The second improvement concerns the approach to analysing collaboration. For the 
moment the approach begins with the study of the analysis and evaluations made "on the 
spot", but the improved method must be based also on a detailed statistical analysis of the 
criteria. This statistical analysis would provide a "check list" of critical information 
recorded with CoCa in order to drive the progress of the analysis. In the short terin, an extra 
module is under implementation in order to support this method. This module will be used 
to show by graphs and queries the sequence of events depending on the type of links 
between them. and to notify to the analyst if the event has an evaluation or analysis created 
"on the spot". So. more studies are needed to have more data in order to improve the 
approach of collaboration analysis toward a scientific methodology. This second 
improvement demonstrates that the analyst spends a lot of time to find correlations between 
criteria. Thus, it will be interesting to automate a list of criteria with their correlations in 
order to support the analysis. 
In the discussion section 7.2.2, the importance of managing the level of granularity in the 
analysis has been explained. In terms of improvement; the CoCa tool must be able to 
manage this notion of granularity. At present, the tool manages the higher level: the project, 
and the lower level: the event. In the next version, the tool must take into account the 
notion ot'processes and activities in order to have other levels of granularity and to record 
more detail oil design situations. These improvements would have consequences for the 
initial model ofcollaboration (see Figure 34). 
The consequences are mostly on the addition of classes to manage the level of granularity. 
For example, a class Activiti, must be created in order to manage an activity which is a sum 
of events like meetings, calls, mails... As for the Event class, Activity class as is linked with 
Analysis, Evaluation, CollaborativeCriteria classes in order to have more information on 
the activities and events than previously with only the Event class. So the EventActivity 
class has been added to make an inheritance to the class Activity and Event (see Figure 75) 
These notions of granularity can be included in the improved model of collaboration by the 
links between the class Process, Activity, and Event. These links reinforce the notion of 
granularity in the model by recording each level of the project structure. 
This improved model of collaboration becomes the new support for a future integration of 
collaboration into the coordination of design management. The improvements of the model 
would then lead to the improvement of CoCa in order to include this notion of granularity 
in the tool. 
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7.3 Implication for design coordination 
7.3.1 Synthesis on design coordination 
The approach traces collaborative events - formal as well as informal ones - in order to 
analyse collaboration. This analysis of collaboration leads to the incorporation of additional 
information into decision making in order to improve the coordination of projects. 
Moreover, the analysis of the collaborative practices during events helps project managers 
to understand design and coordination errors because they have additional inputs 
concerning informal and collaborative aspects. This analysis leads to the definition of 
guidelines for improving coordination aspects such as: 
- The project manager can better handle the roles and the skills of the project team. 
Indeed, with the analysis of the design events he knows what roles and skills were 
used in previous events in order to adapt the project team for the future events. 
Moreover he can also have a policy of skills leaming by assigning actors to new roles 
for them, if the situation makes it possible, in order to improve the pool of skills for 
each actor. 
- Tile project manager can define more detailed and flexible design processes by the 
introduction of flexibility nodes (milestones, routing activities, activities which are 
defined on the spot and not previously), and by introducing new sequences into the 
design processes during the project. Thus, the projects become more flexible and 
collaboration aspects are taken into account. 
- The project manager can identify the recurrent forms of collaboration which give 
good results in terms of performance, i. e. of reaching the objectives at least in time 
and with the required generated information, in order to introduce them in the design 
processes and in the same situations. These forms of collaboration are defined by the 
coordination rules, the kind of communication between designers, and by the type of 
collaboration (free or forced, synchronous or asynchronous, in the same or different 
places... ). 
7.3.2 Discussion on design coordination 
The study carried out in this thesis proposes a methodology to analyse design collaboration 
in a context of SMEs. This methodology is based on theoretical models (of coordination 
and collaboration), and a tool CoCa to capture collaborative events. This methodology of 
collaboration analysis is aimed at the proposal of guidelines on coordination aspects. 
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These guidelines lead to improvements in design coordination by including collaboration 
inputs and by identifying "good practices" in human management, processes, and form of 
collaboration (Figure 76). 
The methodology begins with the capture of data about collaborative practices, then, this 
data is used to analyse how actors collaborate and to identifv "good practices" or problems. 
The identification of "good practices" means the identification of the collaborative 
practices in design situations where the objectives are reached and the indicators of 
performances are completed. This identification is based on the recording with CoCa of all 
the characteristics of these design situations in tenris of coordination and collaboration 
criteria. 
Human 
Management 
(-IData- -ý',,.. 
-, -, 
`&llaboration , 
Guidelines Processes 
C apture., 'P-ý Analpisý 
Form of 
collaboration 
Figure 76: Guidelines improving coordination aspects 
Guidelines identified from the solving of problems or from the characterisation of good 
practices can be described through several categories such as the following ones: 
- Human management category, i. e. how the management of the 
human aspects, 
can improve the design process according to the design situation, as for example the 
management of the actors' skills. Each actor has his or her own skills; of course it is 
very important for the project manager to know how to use them in order to assign 
the right task to the right actor. Moreover, it is interesting for the project manager to 
know the desires of the actors in terms of skill improvement. If an actor is motivated 
to learn new skills, the project manager can select projects in this sense in order to 
have a real management of human skills and knowledge and allow the actors to 
evolve in the company. 
Example from the industrial case study: 
As we have seen in the example 2 in section 6.3.3 where the conclusions 
were that the project manager needs to manage the skills of actors in order to 
assign the right actor to the right activity according to the project constraints 
(workload, lead-time, skills improvement ... ). 
Thus, the project manager in 
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Ederena wants to better manage the skills which deal with the human 
management domain. 
- Processes category: design processes are a succession of activities used to 
coordinate projects. The identification of successful processes allows the 
improvernent of the quality of the control and the re-use of these processes in future 
similar design situations. The main issue lies in the creation of a pool of processes 
available for re-use and linked with guidelines in order to indicate in which situation 
the process could be used. It will then be possible to select the right pre-defined 
process from the pool of processes and to apply it in the right incoming design 
situations. The selection of the appropriate process is led by the guidelines which is 
associated to the individual characteristics of the design situation. Thus, it is possible 
to imagine integrated tools of project management that are based on this idea. Based 
on a model ofcollaboration a tool like CoCa can be re-used to not only for recording 
but also for scheduling the "appropriate" stored processes in correlation with the new 
situation. And finally, the project management tool can give guidelines and propose 
processes to the project manager (see Figure 77). 
Figure 77: Interaction between tools and guidelines for re-use 
The flexibility nodes introduced into the design process after a detailed analysis of 
collaboration lead to the adaptation of the design process to the design situation. 
Indeed, at each node of flexibility the project manager will have to take a decision: as 
several optional sequences of activities exist after the node of flexibility, he must 
decide which sequence the process must follow. Nevertheless, this introduction of 
flexibility is limited and mainly centred on the nodes of flexibility. Indeed, the project 
manager can take a decision only at this node of flexibility; if a design change 
happens, lie has to wait for a node of flexibility in order to re-orient the process. 
Thus, these flexibility nodes are only a first step toward a dynamic management of 
the design process. This notion of dynamic management is a future issue of the 
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coordination in design. The final objective is to manage the project in Teal time, 
without waiting for a flexibility node. 
Example from the industrial case study: 
As we have seen in the example 3 in section 6.3.4 where the conclusions 
were that often in Ederena (and more generally in SMEs) some design tasks 
are not planned in advance in the design process. Tlius, the design process 
needs to become adaptive and change dynamically during its evolution. The 
analysis with CoCa tool helps the project manager to define the design 
processes with sub processes, nodes of flexibility and with ad-hoc activities 
defined "on the spot". 
- Form of collaboration category: the model of collaboration and the CoCa tool 
support the analysis of the collaboration in projects. This analysis helps the project 
manager to identify various forms of collaboration defined by collaborative criteria. 
Thus, he can have and give detailed information on how actors worked, work or must 
work. The project manager can manage the design activity and processes at a very 
detailed level. Moreover, he can understand a larger proportion of design problems 
where the causes deal with collaboration aspects. Now, the project manager can 
understand, act and solve these design problems which come from collaboration 
aspects. The main difficulty lies in the management of the possible contradictions 
between the collaboration and coordination constraints as the analysis of the 
collaboration may lead towards a guideline which is not applicable because of 
coordination constraints. For example, for a better collaboration the actor A must be 
included in an activity and at the same time for a problem of coordination such as 
high workload, the actor A cannot work in this activity. Nevertheless, with this 
collaboration analysis, the project manager is now informed of these collaboration 
guidelines or constraints. 
Example from the industrial case study: 
Based on the example 12resented in 6.1.5 and exl2anded in 6.4.2 witb PLM 
workflows, we saw that various design vrocesses are defined, but for each 
process a particular form of collaboration is associated. For example. the 
Marketing l2erson can write the CND and transmit the document directly o 
the tecbnical department for "similar product". For a "re-desigLf product. 
the marketing person writes the CND but another visit to the customer could 
be reguired. And for "innovative" product a global meeting with the 
customer. marketing and desigg persons is necessary at the beginning of the 
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desigI2 process. nus the fonn of collaboration is associated with the design 
process which it is itself associated with the Me of 12roduct. 
From the industrial case study, some results obtained with the analysis of the CoCa tool can 
be trivial for an experienced project manager, but for an inexperienced project manager 
these results are very important. The introduction of collaboration aspects in the assessment 
of the project management may be sometimes misunderstood by older project managers 
who do not have an open mind on the subject, and who consider these collaboration aspects 
useless and not linked to design coordination. Nevertheless, in the author's opinion this 
approach to analysing collaboration with a tool like CoCa is beneficial to any project 
manager (experienced or inexperienced) who wishes to understand and improve the way he 
manages projects by taking into account collaboration aspects. 
Tlie CoCa tool is useful in helping the analysis of collaboration by recording essential data 
on collaboration; but this tool does not replace an industrial study in the company with 
corpus, or project management training. Nevertheless, in the case study, the CoCa tool 
helps the project manager to look at the design situations in projects and then take better 
decisions to manage them. 
7.3.3 Improved coordination model 
The problem of granularity has been identified in previous sections; this leads to 
improvements in the model of coordination at a detailed level. This detailed description will 
include the notion of projects, sub-projects, processes, sub-processes, activities and events. 
The sub-project will be managed by design processes. Indeed, as we saw in section 6.1.5 
the example from Ederena (and three scenarios) demonstrates that the management of the 
granularity level in project is very important and needs to become more detailed in order to 
manage projects efficiently. Thus, in the improved coordination model, the management of 
the granularity level in projects is represented by the loops on the classes Project and 
DesignProcess to represent the sub projects and sub processes and their links (Figure 78). 
T'his deeper description includes a representation of how each resource is used during 
events. For the moment the tool records only the name of the resource used, no more. In 
fact, it is interesting to know how the actors use the given resources. Indeed, for each 
resource, a description will be recorded to know who has used the resource, how long the 
actors used the resource, together with comments on their use. Moreover, as we saw in the 
entire Chapter 6 and more precisely in sections 6.1.1 and 6.1.2; the notion of "role" is very 
important in SMEs, because most of the time one designer can accumulate various different 
roles in a project. So, the improved coordination model must take into account this notion 
of role directly at the level of the project and not at the level of the processes. Thus, the 
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roles of each actor are stored in the class Project with the attribute Roles. In this improved 
model of coordination the rules of coordination and the form of collaboration are managed 
with the attributes in the class Process element. Now, based on the results from Chapter 6 
on the analysis of the collaboration new classes and attributes are added in order to take 
into account some collaboration aspects in the coordination of project. The form o 
collaboration indicates if the collaboration is free, encouraged or forced, synchronous or 
asynchronous, present or distant, and formal or informal. And the coordination rules record 
if the project is coordinated by direct supervision, mutual agreement or normalisation. 
These two last points are described to detall how these attributes are applied and help to 
characterlse the problems (presented in section 4.3.1) which remain in the coordination of 
project with the previous model of coordination. 
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Figure 78: Improved coordination model 
The new version of the coordination model also takes into account the notion of flexibility 
in the design process. Indeed, links between process elements will be used to represent the 
various ways that the design process is followed. As we saw in section 6.3.4 with example 
3, the links between events (chronology, problem, causal links) help the project manager to 
"re-build" the design process followed. Based on this idea of link, more types of links are 
defined (as "and", "or". stif% "else") in order to add information on the relation between 
events in the design process. Thus, in the improved coordination model, these links are 
managed by the new class Transition in order to manage these new types of links: "and", 
66oe,, -ir, "else" ... Ilese types of link will more faithfully represent the various relations 
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between design events. Therefore the project manager can better manage the design 
processes by excluding or creating new sequences of the design process according to the 
design situation (customer, product, actors, suppliers ... ). Moreover, these models of 
collaboration (Figure 75) and coordination (Figure 78) can be mutually enriched to 
implement complex tools where the coordination and the collaboration are coupled. Thus, 
the sequences of design activities recorded in CoCa can become predefined processes in a 
design management tool based on the model of coordination. The processes and tasks 
defined during the scheduling can be used to identify the events which will be followed 
with CoCa with an adequate level of granularity. 
7.4 Implication for PLM systems with coordination and collaboration 
aspects 
7.4.1 Synthesis on PLM tools 
PLM tools are implemented in more and more companies to rationalise their processes and 
document management. Such a PLM tool was tested in Ederena, it was noticed that these 
tools are more oriented to implementation in a large companies than in SMEs. Thus, for 
SMEs, these tools have deficiencies in terms of functionalities to manage projects and 
analysis of collaboration. Indeed, as it was presented in the Figures 57 and 58 many useful 
concepts to manage projects and collaboration analysis are not implemented in the PLM 
tools. These tools decrease the level of flexibility by increasing the constraints in the 
processes. This statement can be a positive point for large companies but not for SMEs, 
where the flexibility in the design processes is one of the main concerns. 
Moreover, SNI[Es cannot invest as much money as large companies for the implementation 
of these tools. Thus, the implementation is often made quickly with a lack of analysis in 
advance. In this study, it was well established that a deeper and rigorous analysis of the 
initial situation in the company is necessary to avoid the introduction of rigidity in the 
design processes during the implementation of the PLM tool and during its configuration. 
For the implementation a methodology is drawn to support the adaptation of such tool to 
the individual characteristics of the company. For the configuration of the tool a detailed 
analysis of the collaboration is possible and supported by CoCa in order to introduce 
flexibility nodes in the design processes. 
PLM tools are not focused on project management; nevertheless it could be possible to 
integrate a project management aspect into these tools in order to add specific functions for 
project managers. Concretely, PLM tools must be improved at various levels: management 
of actors and skills, triggering events but also recording the planned/completed/modified 
process for later reuse. Where some project functionalities are available, task concept 
implementation is too limited: defining input and output information is often impossible, 
212 
Chapter 7 Discussion 
except using deliverables; the element of decisions cannot be formalized [Pol, et al. 2005c]. 
At the project level, the project plan concept is too sequential. Convergent links between 
tasks are not possible. Moreover alternative sequences of tasks are not supported; this is, 
however, possible in a workflow. 
In a PLM tool, when a project manager plans an activity, he may link it with a support 
document (deliverable). When controlling the planned activities, he may need to modify the 
initial schedule. But he cannot modify the schedule of the activities from the workflow of 
the linked document. In fact these document workflows are not under the control of the 
project manager and this may lead to incompatible constraints on the completion of the 
design process activities. An improved PLM tool integrating project and workflow aspects 
may allow project managers to manage workflows as sub-processes of the project process 
and so to control the related tasks: e. g. by modifying the end date, or the users allocated to 
it, or even by replacing it by different tasks. To conclude, it is important to preserve a high 
level of flexibility in the product development processes. The project management 
approach must be improved by the definition of processes and sub-processes to manage 
projects and documents with the integration of flexibility in these processes. This flexibility 
must not be restricted to the nodes of flexibility (reviews, milestones, main phases of the 
projects) but must be introduced in the whole project management approach by the 
synchronisation of processes, sub-processes and activities (an example is given in the next 
section 7.4.3 and Figure 80). 
7.4.2 Discussion on PLM tools 
Previous sections highlighted the necessary flexibility of a design process in an SME, 
especially in this case study where innovation is a constant concern. In an SME the 
formalisation of the organisation is a critical point for the optimal management of 
resources. If the process is predefined at a global level, actors from all departments work 
daily in a context of "mutual agreement" but this organisational aspect is rather 
incompatible with PLM functionalities. The main issues during the definition of the PLM 
specifications for an SME are to identify: 
- what information must be controlled, 
- through which predefined workflow, 
- what must be encouraged and not formalised. 
For example, the collaboration between actors cannot really be defined through existing 
project plan or workflow concepts. The cooperation processes are quite unstructured and 
the comparison of the various project teams' points of view leads to informal and unofficial 
information exchanges [Baumberger, et al. 2003]. 
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7.4.3 Identification of future work on PLM systems 
Previous discussion has dealt with the introduction of flexibility nodes in strategic points of 
the design process in order to control and adapt the design project quickly. Nevertheless 
this improvement is a first step toward a dynamic management of the project, but the 
limitation is that the project manager has to wait for a flexibility node in the design process 
(most of the time a milestone) to take a decision. The real issue for him is to manage the 
project dynamically without waiting for a flexibility node and react in real time. Thus, 
project managers need detailed design processes which pilot sub-processes for document 
management. 
Therefore, the study of the main improvements on PLM tools concerns the management of 
projects. This study is focused on processes and activities (see Figure 79) because projects 
and events are already managed by Windchill'rm. Thus, the possible improvements are 
concerned with the processes and the activities. 
Focused part for PLM 
Sub-project IS 
roject ess 
Figure 79: Coordination approach 
improvements 
Sub-activity 
Jý 
6v Activity 6vent 
and focused part for PLM 
In the PLM tool Windchi I ITM, virtual documents are used by the system to manage project 
processes. These virtual documents are hidden, and invisible to the user. They are managed 
with a main workflow (a group of activities which admit sub-workflows) and with life- 
cycles (group of the states that the document can take in its "life"). The workflows are 
composed of activities but also of automatic tasks (mails, change life-cycle state, 
synch ron i sat ions, IT code ... ). Using these automatic tasks, it is possible to link the 
workflows and sub-workflows. The synchronisation between workflows is made by a 
change in the life-cycle state of the linked workflow (Figure 80). Nevertheless, it Is well 
established that a workflow is predefined before the launch of a project and this does not 
allow for modifications during its progress after its instantiation. 
The "change design process" illustrates this approach. When a problem is reported a 
"change request" workflow is launched. This main workflow ("change request") pilots the 
other workflows "change notice" and "change activities" with synchron 1 sat ions. The 
"change notice" workflow informs the actors of the change, defines the "change activities", 
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launches these "change activities" and validates it. The "change activities" manage only the 
implementation of these activities. All these workflows are displayed in Appendix E 
Problem Change Change Change 
report request notice activities 
Synchronisation 
Synchrohisation --------- ........ 
Synchronisl 
I ation j_§. yrLctronisation 
n workflow 1 main 
workflow 1 Sub - 
workflow 
n controled 
activities 
Figure 80: Example of the change process 
In their project management approach, project managers have to be aware of the 
completion of design tasks in order to pass through the milestones. Thus, the visuallsation 
of the workflows and sub-workflows allows the project manager to have the information on 
the tasks completed during the project and take the right decision. The decision could be: 
- To validate the completed tasks and the project goes on, 
- To suspend the workflow and put the project in stand by for modifications, 
- To terminate the workflows in order to begin again with new workflows. 
In PLM tools tile project can be managed with virtual documents, synchronisation and with 
flexibility through the creation of dynamic activities called "ad hoc" activities. 
Nevertheless, this definition of workflows is very onerous in terms of IT implementation 
and of time, because each workflow corresponds to the specific way to manage projects in 
the company and must evolve with the progress of the project. For example in large 
companies this custornisation is made by a whole department or external integration 
companies focused on the workflow management, life-cycles and documents in the PLM 
tool. Thus, for the moment SMEs cannot afford such an implementation. The detailed 
definition and the integration of flexibility and collaboration aspects in the project 
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management with PLM tool is very complex in terms of IT knowledge and PLM 
architecture. This topic would be the basis for a new PhD study. 
7.5 Synthesis 
]'his Chapter "Discussion" sets out the main comments on the main results addressed in 
this research work. These evaluations identify limitations, positive as well as negative 
points and lead to new possible improvements. 
One of the main results of this thesis is the implementation of the tool CoCa which records 
and displays information about informal and collaborative events of projects in order to 
help the analysis of collaboration. At this stage, a first version of this tool has been 
implemented. This version manages the characterisation of the collaborative events with 
their links. Nevertheless, more work is needed to implement new functionalities, notably on 
tile statistical analysis with charts. Other industrial case studies will bring extra data to 
propose, test and validate new improvements. 
CoCa aims to help the analysis of the collaboration. After tests in Ederena, some limitations 
are identified: 
- The know-how of the analyst is very important in locating useful situations and 
information to make correlations with his experience, 
-A statistical analysis of the data collected is almost indispensable to drive the 
analysis of the collaboration at a high level, 
- The subjectivity orients the analysis made and precautions must be taken to limit 
this interference. 
Therefore, various improvements are proposed: 
- The collaboration analysis can be supported by statistics in order to make a driven 
or semi-automatic analysis, 
- The analysis method can be improved in terms of steps, main information to 
check, or charts, 
- The analyst can be chosen to be as neutral as possible in order to limit the impact 
of the subjectivity into the analysis of the collaboration, 
- Several analysts can collaborate to make multiple and mixed analysis of the 
collaboration, 
- And finally, an improved collaboration model is proposed in order to take into 
account the level of granularity. 
This collaboration analysis is not an end in itself, the objective is to improve various design 
project coordination aspects such as human management, processes definition, and 
identification of forms of collaboration. The analysis of informal and collaborative events 
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allows the identification of recurrent situations which can be re-used in future situations. 
Moreover this analysis can lead to the improvement of the collaboration and the 
introduction of flexibility in the design processes in order to manage projects in a more 
flexible and reactive way. It was observed in the industrial cases study that various levels of 
granularity must be taken into account. For that purpose, an improved model of 
coordination was defined to represent coordination aspects in design management with the 
following levels of granularity: projects, processes, task, and the links between processes 
element such as "and", "or", "if', "else" links. These links are extra links implemented in 
the next version of CoCa in addition to the existing links "causal", "problem" and 
"chronology". 
A PLM tool is often implemented in companies to manage documents. It can be the basis 
on which the coordination approach is structured. Thus, flexibility in the project processes 
can be introduced in the tool without waiting for flexibility nodes. A solution for this 
introduction of flexibility will be to use virtual documents, synchronisation and ad-hoc 
dynamic workflows. Nevertheless the problem of IT implementation must be taking into 
account, because this approach is very demanding of time, money and adequate skills. This 
approach can be the basis for a new PhD subject in order to find a detailed solution to 
project coordination with PLM tools whilst taking into account collaboration aspects. 
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8 Conclusions, contributions and 
implications for further work 
This Chapter presents the synthesis of the work carried out and its achievements are 
outlined in detail showing the conclusions ftoin the research. The contribution to 
knowledge made hy the research is descrihed and lopicsforfuture research are identýfted 
8.1 Conclusions 
Nowadays the management of product development projects is mainly oriented towards tile 
coordination of design activities. Nevertheless in a context of concurrent engineering, 
managers have difficulty in taking into account the collaboration dimension during design 
projects. Thus this thesis has focused upon the introduction of collaboration aspects to 
improve design coordination. For the purpose of the research work, tile introduction of 
ways of controlling and encouraging collaboration in flexible design processes is based on 
the analysis of collaboration between designers in order to define guidelines for future 
flexible coordination. These notions of collaboration and flexibility included as elements in 
the coordination of design projects are becoming significant issues for companies. 
Thus, before introducing collaboration aspects in design coordination, a better 
understanding of coordination and collaboration with their relationships is required. Indeed, 
a project manager has to coordinate various elements in order to reach the objectives of a 
design project. He defines an action plan to coordinate the design processes and actors' 
activities. The actions of project managers concern design coordination and process control. 
Then, actors collaborate during their design activities to reach their specific objectives and 
follow the defined action plan. The CoCa tool is used to collect data on the collaboration 
occurring during these design activities. This data is then used to analyse design 
collaboration and then to make diagnostics on the 'efficiency' of the collaboration and oil 
the achievement of design objectives in order to define guidelines for improving future 
coordination. The results of the collaboration analysis support project managers in 
controlling the design process. 
Thus, first a coordination model that characterises the main notions used in project 
coordination is proposed. This model is specifically proposed and aimed at helping project 
managers in SMEs in their work. It allows the storage of the information needed by the 
project managers to structure design projects and to control accomplished design activities 
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and compare them to scheduled tasks. Nevertheless in the industrial case study, it was 
noticed that coordination and collaboration aspects are complementary and the low input of 
collaboration aspects in the model of coordination is demonstrated. As project managers 
have difficulties in introducing collaboration aspects, it is then necessary to help them to 
understand the detailed collaborative practices of their team. 
Consequently, from this model, a second model describing collaboration is defined in order 
to allow the characterisation of collaborative mechanisms In design activities. Several 
parameters for describing collaboration are introduced. This characterisation is made by the 
recording of context and objectives of the project, then of collaborative events; and of 
criteria to categorise the collaborative situation in design projects. The model of 
collaboration allows also the storage of a short analysis of the collaboration form used 
between actors in order to evaluate each collaborative situation. 
These models of coordination and collaboration are validated through the partnership 
established with an SME called Ederena which designs and manufactures structure 
products based on an innovative technology. It was noticed that both coordination and 
collaboration models are not sufficient by themselves to be useful for project managers in 
design. As a consequence, an IT tool called CoCa has been implemented to support the 
analysis of the collaboration occurring in design projects in SMEs. A great deal of effort 
was made to connect the implementation of a tool to the theoretical work (the models) in 
order to test the hypothesis that the analysis of collaboration really helps project managers 
to coordinate design projects. The approach to developing CoCa is set out in the three main 
steps: Analysis, Design and IT implementation. The description of this approach is defined 
with various diagrarns based on the UML formalism which is suitable for the 
implementation of such a tool. These diagrams are used to define the architecture, GUI 
for-nis, database and the IT implementation for the tool. Thus, CoCa allows the collection of 
large amounts of data and its visualisation in order to support the analysis of the 
collaboration. 
The airn of the CoCa tool is to assist analysts in the recording of the infori-nation of the 
collaboration model in order to help them in their future analyses and definition of 
guidelines for design coordination. The main user of the CoCa tool is an analyst that 
follows all the steps of a design project, recording information about the activities that 
occur. This recording is carried out by collecting data such as: projects, events, and 
collaborative criteria (time, location, tools, methods, level of formallsation ... ). These 
records provide detailed data for the analyst, in order to analyse the collaboration and thus 
to help the management of projects. This analysis enables the identification of deficiencies 
or good practices in collaboration and allows the proposal of the project manager's 
coordination tasks and also of improvements of the design process. 
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All this theoretical work is supported by an industrial case study in order to test and 
improve it. The work carried out in Ederena demonstrates three main points. First, the 
analysis of the collaboration is possible with CoCa in an industrial context. Secondly, the 
resulting diagnosis has an impact on the coordination of projects (on the project managers' 
way of working as well as on the definition of design activities by the project manager). 
Thirdly, PLM systems are a type of information system which can support the management 
of data and management of projects but within limits. They can be used to implement some 
of the guidelines that can be made by using CoCa tool. PLM systems require additional 
functionalities to manage projects with detailed and flexible processes. 
The analysis of the collaboration is possible with CoCa in an industrial context: 
CoCa was tested in Ederena to record information on the collaborative events occurring 
during projects. Concretely, projects were followed (the amount of data collected are: 6 
projects, about 100 events and 12 versions of projects) in order to track and record tile 
events occurring. The approach used in Ederena begins with the recording of data during 
projects. Then, the data collected by the CoCa tool is used to analyse the form of 
collaboration event by event, to make a diagnosis on the collaboration by comparing the 
different events and finally, to propose guidelines in order to improve the coordination ill 
design projects. 
The combination of different types of information allows the identification of different kind 
of results by: 
- Establishing links between several events, 
- Establishing correlations between several parameters of different types between 
several events. 
In Ederena it was noticed that the analyst recorded and identified enough data via CoCa to 
analyse the collaborative practices used in various design projects. Although CoCa does not 
analyse collaboration itself, it provides the data recorded during the project with various 
GUI forms to support the analysis. CoCa thus fosters the understanding of collaborative 
activities in design. Nevertheless the use of the CoCa tool and the associated method is 
based on a six months study with one SME. Other projects with other companies are 
needed to validate the approach as a generic one. 
The resulting diagnosis has an impact on the coordination of projects: 
The analysis of collaboration leads to the definition of guidelines to improve design 
coordination by the introduction of flexibility in detailed design processes, by helping 
project managers to anticipate future design situations, by defining and choosing the form 
of collaboration in design events and by identifying "good practices". The identification of 
"good practices" means the identification of the collaborative practices in the situation 
where the objectives are reached and the indicators of performance are achieved with the 
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expected values. This identification is based on the recording of all the characteristics of 
this design situation in terms of coordination and collaboration criteria usefully achieved 
with CoCa. These "good practices" deal with the design processes, the human management 
and the collaborative tools used. When a problem of collaboration between actors appears 
in a design event, the project manager is interested in analysing this event in order to 
understand what was wrong and what could be improved. This will orient the decision to 
take. improve or reject a collaborative practice that has occurred in projects. Of course the 
work of the analyst is not easy: well-defined events such as meetings are much easier to 
track than emerging events during a coffee break. But this challenge brings the richest 
results. 
The resulting analyses have a great impact on the project manager coordination tasks, 
various examples have been presented through this study. Here is the main one: 
- Guidelines can be defined to help project managers when selecting designers to 
use an approach based on skills management, defining required tasks, scheduling 
tasks, etc... 
- Role of the project manager or of the company managers can be reinforced or 
decreased depending on the context of the project to define the appropriate form of 
collaboration. Thus the forrn of collaboration can be defined more or less prescribed, 
formal, scheduled, confidential, etc..., 
- Fornialisation of design process can be improved and made more detailed by 
adding extra steps, for example through the quality and standard documents of the 
company, 
- Flexibility can be added in the design process by introducing decision nodes for 
choosing the best sequences of tasks. 
Thus this analysis helps the project manager to choose the appropriate form of 
collaboration and to take decisions on design coordination. 
This collaboration analysis helps the project manager to coordinate future design activities 
by anticipating the future activities and problems in order to manage them earlier in the 
design process. Moreover, this analysis allows the assessment of the collaboration in terms 
of performance in order to propose new forms of collaboration or to define the form of 
collaboration in the future design processes. These predictions of design activities, the re- 
use of forms of collaboration and the definition of future collaborative practices are an 
important part of the know-how of the project manager. 
CoCa allows the establishment of a memory of design projects according to the 
collaboration point of view. So, the analyst can compare the theoretical process planned by 
the Quality Department with the real design process carried out by the designers. Thus, 
extra steps or processes can be defined to introduce flexibility in the global theoretical 
process. Nevertheless, the flexibility is limited, because the project processes are still 
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predefined with more detailed routing between the different sequences of activities. Thus 
the actors still have to wait for inten-nediate milestones to take a decision. The future goal 
will be to authorise the modifications of predefined processes at any time and to be able to 
react dynamically according to incoming changes in the project. 
The main limitation of a tool such as Coca is the subjectivity of the observer. However, the 
actual architecture of the tool does not allow us to have a multiple points of view on tile 
same event. Indeed two persons cannot collect information on the same event in the same 
database. However, the capture of different interpretations and analyses will be interesting 
for a future version of the CoCa tool. 
This collaboration analysis is not an end in itself- the main objective is to improve design 
project coordination. The analysis of informal and collaborative events allows the 
identification of recurrent situations which can be re-used in future situations. Moreover 
this analysis leads to the improvement of the collaboration and the introduction of 
flexibility in the design processes in order to manage projects in a more flexible and 
reactive way. The level of granularity of the events was also a methodological problem. it 
was decided to track events at their more detailed level, i. e. basic events. But when 
analysing, It can be more difficult to navigate between events and to have a global view of 
the different phases. The possibility of indicating the level of granularity and to group 
sequences of events in a higher level event will help the analyst. Thus, the analysis will be 
able to make comparisons properly between elements at the same level of detail. As a 
result, improved models of collaboration and of coordination have been proposed to 
manage granularity of collaborative events and to improve events visualisation. 
PLM systems can support the management of data and projects but with limitations: 
In the worldwide competition among companies, the development of new products has 
become a challenge where innovation and coordination of design process are two main 
keys for success. In SMEs design activity is not completely structured and controlled due to 
the high level of flexibility of processes required. At the same time PLM systems help to 
rationalise basic design processes and are the main information systems managing the 
product life cycles in companies. 
When considering design coordination in Ederena, product data and process management 
was one of the main concerns. In parallel with the collaboration analysis experiments, the 
company evaluated the implementation of product data and process managernent tools 
which would be well-adapted to the company settings. It specifically evaluated PLM 
system use; then a prototype system with a PLM tool named "Windchill"m" has been 
implemented. This prototype finalises the study carried out on the coordination of design 
projects in Ederena and is the basis for making experiments on possible solutions for 
automation and support of the work of project managers. The prototype is based on the use 
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of workflow technologies in order to elaborate the structure and the schedule of the project 
phases and tasks through different and synchronised levels of granularity. 
Moreover the implementation of this prototype is based on the definition of a methodology 
focused on organisational change and the implementation of a system combining project 
management and PLM functionalities in an innovative SME. This methodology is focused 
on the prerequisites tasks which must be done before the implementation of an infon-nation 
system. Although the main steps of this methodology are generic and can be applied in both 
contexts of SMEs and of large companies, the details of these prerequisites are specific to 
the context of the case study 
Within PLM systems the design process is managed through workflow implementation. As 
an example an implemented design situation can be achieved through several types of 
collaboration. Thus scheduling a standardised design process is not enough for the project 
manager to describe all the necessary guidelines for the achievement of a design situation. 
Several forms of collaboration can be defined in order to formalise the inter-actor 
exchanges. Thus, project managers have difficulties in choosing the form of collaboration 
in accordance \, \ ith the specific context of the design situation. As the CoCa tool can track 
such collaborative forms, the definition of more detailed processes has been implemented 
through the studied PLM systems. Thus managers can keep in mind the matter of the 
flexibility in design processes in order to improve coordination and to not strangle the 
emergence of innovation. 
This PLM solution based on detailed processes with the introduction of some flexibility is a 
part of the solution. From the results of the case study, it was found that some further areas 
need to be addressed, for example: actors and skills management, triggering events, and 
also the ability to re-use and build on the planned/reallsed/modified process. In PLM 
systems, the implementation of the task concept is not satisfactory: it is not clear how input 
and output infon-nation may be defined other than through deliverables and the elements to 
make decisions cannot easily be fon-nalised. The proposed attributes of process elements, 
tasks or milestones do not exist given the inadequate status/level of the concept of 
implementation. Thus this prototype illustrates the need to incorporate new methods, 
functions and tools in PLM systems to manage design projects properly and include 
collaboration aspects. 
Thus the next objective for the coordination will be to manage projects in real time with a 
flexibility which is continuous and evolves dynamically. This objective could be the basis 
for a new PhD subject in order to find a detailed solution to fully coordinate projects within 
PLM tools with the integration of collaboration and flexibility concerns. The possibility to 
integrate flexibility in the design coordination with PLM system is the next challenge for 
these tools. PLM systems are an adequate solution to manage product data and documents; 
nevertheless many other issues (project management, collaboration management) need to 
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be addressed in the future in order to answer to the actual needs of managing the whole 
product lifecycle in a context of collaborative design and of extended enterprise. 
8.2 Contributions 
The results obtained during this research study bring several kinds of contributions and 
perspectives: 
- first a contribution to what is coordination and what is collaboration in the context 
of design project management in SMEs, by formalising models of coordination and 
of collaboration, 
- second a contribution on support tools to help design project managers to analyse 
and understand what interactions exist between actors during design projects, 
- third a methodological contribution to propose an adequate approach to use such a 
support tool by capturing and analysing collaboration, 
- fourth a methodological contribution to support design coordination in SMEs by 
proposing an improved way of managing design projects and by characterising a 
better way to implement PLM systems. 
Each kind of contribution has been evaluated through experimentation and several 
questions and issues appear to enrich existing avenues for research or to generate new ones. 
In this research work models have been proposed to help the analysis of collaboration. 
Most results have been validated in the case of Ederena, which is an SME designing 
products based on an innovative technology. The proposed models of collaboration and 
coordination are based on this situation. Nevertheless, such models are easily applicable to 
other SMEs contexts because the innovative characteristic of Ederena does not influence 
the models but other aspects of the contributions. So other companies can apply these 
models as a basis to adapt them to their own context by adding extra criteria or classes. 
Moreover the UMI, formalism used to define these models is adequate to allow the 
evolution of the models in another context. 
Collaboration between actors is important to federate actors and make coordination 
effective. Choosing an appropriate form of collaboration between actors is necessary and 
requires analysis of the collaborative practices inside the company. Thus, such an analysis 
tool, CoCa has been implemented. 
The entire analysis of the collaboration is not done by the tool; it records the main 
information required to make the analysis of the possible collaboration. Therefore the 
analyst has to study the sequence of events, make correlations between various attributes 
and study the evaluations and analysis made "oil the spot" in order to carry out the analysis. 
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This analysis leads to the re-use of collaborative processes in similar situations or to the 
solution of collaboration problems or conflicts in order to help project managers to 
coordinate projects with the extra point of view of collaboration. 
Several improvements to the CoCa tool have been proposed: extra functions need to be 
implemented in a new version in order to include the following improvements. This new 
version of CoCa will provide other types of links, like "Warning" and "Question" links. 
Indeed, links between process elements will more faithfully represent the various possible 
transitions of the project. These links are managed by a new class 'transition' which can 
represent links types such as: "and", "or", "if, "else" ... In this way the project manager 
can manage better the design processes by excluding sequences or creating new ones 
according to the design situation (customer, product, actors, suppliers). He will be able also 
to manage multiple analyses by the configuration of a server in order to centralise the data 
and to have various analysts sharing the same database. Consequently, the pool of data will 
be larger and the analysts will be able to compare each others' analyses. Moreover, the new 
version of CoCa will take into account the new notions described in the improved model of 
collaboration in order to include the notion of granularity. Thus, the analysis of 
collaboration will be made at various levels of detail (events, activities, processes, projects). 
Moreover, in terms of extra functional ities, CoCa needs additional GUI forms with 
graphical functions in order to analyse sequences of events and explore links. So, CoCa 
needs to provide a search by keywords and attributes to find main text data. A graphical 
v1sualisation of information will be implemented to represent and compare various forms of 
collaboration with common criteria. Other improvements also concern the method to 
analyse the collaboration. A statistical analysis will be able to provide a "check list" of 
critical information recorded with CoCa in order to drive the analysis progress. In the short 
term, an extra module focused on the support of this method is under implementation. This 
module will allow the representation by graphs and queries of the events in accordance with 
the type of links, and to notify to the analyst if the event has an associated evaluation or 
analysis "on the spot". Moreover, a deeper study needs to be carried out about the Likert 
type scale in order to have a better definition of the collaborative criteria, and to prepare a 
statistical analysis of the data. In addition, collaborative events exist outside the company 
and it is necessary to define solutions for traceability in a mobility context. The use of 
CoCa in ever), place where events occur is to be studied: a version of CoCa implemented 
on PDA system will be of great interest. 
CoCa allows the capture of events of design projects from the point of view of 
collaboration and is used to identify best practices, analyse problems encountered and 
improve managers' decisions. Some tests were done in Ederena with the current version of 
CoCa. Ederena was quite satisfied with the results achieved during the industrial case 
study. From now the company will have a more detailed and flexible project coordination 
integrating collaboration concern. These tests validate that CoCa is useful to support the 
analysis of the collaboration and that this analysis has benefits to improve collaboration and 
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the coordination aspects. The examples presented show the complexity of the analysis tasks 
and the richness of the kind of results for improving design coordination. More experiments 
are planned to demonstrate the added-value of an analysis with CoCa tool in a more generic 
context. 
Coordination in design is a great challenge in companies. Focusing on SMEs, coordination 
must take into account flexibility factors and consequently anticipate emerging phenomena 
and collaboration between actors. 
8.3 Implications for further work 
In terms of perspective, the models of coordination and coordination need to be improved. 
An interesting way would be to have a research study coupled with the social and 
psychological sciences in order to improve the way that human aspects are managed in 
these models. At this stage collaboration and informal aspects are introduced in these 
models, but to complete the definition of such models, a study may be carried out in 
association with human sciences. These improvements of the models could also lead to the 
improvement of the supported tools. The final objective will be to enrich the competences 
of projects leaders with more than collaboration aspects but also with human and 
psychological aspects. 
Independent of this perspective, more tests are needed with CoCa to have more 
information, results and to test the more useful functionalities with a great potential in 
various other SMEs contexts. At present, the tests carried out in Ederena brought results 
and improvements for the specific context of this company. Thus, it would be interesting to 
carry out additional tests in other case studies in order to propose generic models, tools and 
improvements for the project managers. Moreover, these tests will propose a method or an 
approach to adapt the models and CoCa to other SMEs. 
The approach to the analysis of collaboration needs improvements. In terms of further 
work, this approach to analyse the data is the first step towards the definition of a detailed 
and scientific method. At the end, this scientific method needs to be validated by various 
analysts in various case studies. At this stage the information recorded with CoCa is 
recorded manually with some devices to show information in a particular way (charts, 
links, and GUI forms). Nevertheless, the next step will be to have a semi-automatic 
recording and displaying of the information, with an extra module to drive the analysis of 
the collaboration. For example, this module should be able to propose to the analyst the 
pertinent information to see first, critical situations should be recognised and stored; the 
information should be displayed in a sensible way according to the method of analysis... 
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Indeed this module should drive the analysis of the collaboration to help the analyst in his 
work. 
Another perspective on this research study is to have a comprehensive management of the 
knowledge. Indeed, the tool would be able to record the skills already known and learrit by 
the actors in order to have a detailed management of skills. It would also be able to record 
design information and knowledge with its context (project, process, and event). In this way 
the project manager will be able to re-use this knowledge in future projects. 
With the definition of the improved theoretical models of coordination and collaboration, 
the levels of granularity (event, activity, process and project level) are now included and 
can be managed in the project coordination. In terrns of further work, these two improved 
models can be aggregated to form an integrated model where the aspects of coordination 
and collaboration are associated and where prescription and scheduling is linked to the 
identification and storage of achieved events. Thus, coordination as well as collaboration 
aspects would be completely defined and linked together. Moreover, based on this 
integrated model a tool can be implemented to manage projects by taking into account 
collaboration aspects directly in it without having various disconnected tools. Thus, in a 
practical way, a specific tool to analyse collaboration like CoCa can be coupled with a 
specific coordination management system like IPPOP to help project managers to take 
collaboration aspects into account in design coordination. 
Moreover, the analysis of collaboration is also useful in managing the implementation of 
PLM tools in companies. Thus, CoCa can be used by integrators to understand the way of 
working of the actors during project in order to adapt the tool to the company and vice- 
versa (adapt the company to the tool). 
The final objective of the collaboration analysis is to improve the coordination of projects. 
The PLM mock-up presented in this study is based on the current functionalities of the 
PLM system, but it is not completely adequate to ensure the coordination of the whole 
design project. Thus, new modules need to be implemented. Firstly, there should be a 
module to manage the coordination of projects in a better way. Indeed, for each level of 
detail (project, process, sub-process, and task) the information system must manage the 
organisational structure, the objectives, the actors, the resources and the indicators of 
performance. These indicators must be automatically defined according to the lifecycle 
state of the documents or to the task progress. Secondly, there should be another module to 
help project managers to monitor and check the progress of the project. This module must 
also include the collaboration analysis to support and improve the coordination of projects. 
The main objective of this module for monitoring and checking should be to support the 
dynarnic way of management of projects (with detailed and flexible design processes in 
order to make decisions without waiting a node of flexibility), to introduce flexibility into 
the processes, and to take into account the collaborative aspects. 
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All these avenues for research can be the basis of a proposition for a new PhD subject. 
The theoretical models need to be coupled with studies from social and human sciences in 
order to enrich the competences of the project manager with human and social aspects. 
CoCa needs improvements to have a semi-automatic recording and displaying of the 
recorded information. Moreover, CoCa would be incorporated into an information system 
to help project managers to take collaboration aspects into account in design coordination 
tasks. 
More tests are needed in various other industrial case studies to propose generic models and 
test the proposed improvements. The support of the coordination management with 
collaboration aspect would be introduced in PLM systems by implementing two modules. 
One module would be used to manage the organisational structure, the objectives, the 
actors, the resources and the indicators of performance for each level of detail. A second 
one would be used by project managers to monitor and check the progress of the project. 
All these perspectives lead to the management of projects by project managers in a more 
human and humanist way where performance, reactivity and flexibility remain the main 
concems. 
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Appendix A- IT implementation 
The IT implementation allows the GUI forms to be linked to the database by storing the 
data in the right place and making the right query to display the right Information in the 
GUI forms. The format of each data item is defined and correlated to the format of the data 
stored in the database. 
The definitions of the IT code implementation are based on the definition of the database 
with an Entity / Relation diagram of the data model and by a detailed class diagram to 
represent the IT classes, database classes, and GUI classes in the same diagram. 
A. 1 Definition of the database 
The database stores the necessary information defined previousl) in the theoretical model 
of collaboration. Thus, the data model is defined with tables, data stored, relations, foreign 
and primary key, and various extra tables are added to represent the relations existing 
between the classes (according to their cardinality: *. *, L*, I.. I) of the theoretical model. 
A diagram of the data model is provided in order to represent all this information (Figure 
81 ). The definition of the data model aims to transfer the notions defined in the model of 
collaboration to the database to structure this information and make queries. 
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"0 
A. 2 Class diagram for IT implementation 
This class diagram is very useful because all the classes from the GUI forms, IT 
implementation and database are grouped in the same diagram. Thus, the IT 
implementation must be based on a complete class diagram which takes into account the 
classes of the database, classes of the GUI forms, classes of the model of collaboration and 
additional classes indispensable for the storage of data temporarily (as for the results of 
requests). Moreover these classes are very detailed because there is a clear definition of the 
functions needed and the attributes with their format for each class. This complete class 
diagram for the IT implementation is shown in the following Figure 82. 
Following the functional analysis, and in collective agreement with IT engineers, choices 
have to be made to implement the tool. These choices lead to constraints as the language to 
implement the tool, its architecture and the operating system under which the tool will run. 
Java language is chosen because it is an object oriented language, well known by the IT 
engineers, and in terms of evolutions, a future version of CoCa will use the Internet 
technology coupled with Java to be used everywhere without a location constraint. 
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Figure 82: Class diagram for IT implementation 
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Appendix B- Activity diagram for the CoCa 
Search 
enter 
Search 
Login Welcome (Ifiste des proj ts) select + Delete ! ýýsaiect 
+ Exit 
AddProject -& Back "awL 
Figure 83: Detailed activity diagram 
This detailed activity diagram of the tool completes the description of the tool in the section 
5.3.1. 
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Appendix 
rights 
C- List of permissions with associated 
missio 
ý 
ISý 
ýMýe : 
rr er 
ns 
analyst leader project actor 
readAllPrJs YES NO NO 
readPrj NULL YES NO 
readPdLessEvtEvalAnalyse NULL NULL YES 
read0thersPrjs NULL YES NO 
writeAllPrjs YES NO NO 
writePrj NULL YES NO 
writeEvent NULL NULL YES 
deleted I YES NO NO 
List of priorities: readAllPrjs writeAllPrjs 
readPrj writePrj 
read0thersPrjs writeEvent 
readPrjLessEvtEvalAnalyse 
Explications: 
readAllPrjs Read all in projects 
Read all in projects where he 
readPrj is project leader 
Read all except Eval and 
read0thersPrjs Analysis of other projects 
Read all except Eval and 
Analysis in projects where he 
readPrjLessEvtEvalAnalyse participates 
writeAllPrjs Write all in all projects 
Write all in projects where he 
writePrj is project leader 
Write event where he 
writelEvent participates 
deleted Supress all in all projects 
Figure 84: Permissions for the use of CoCa 
deleted 
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Appendix D- complete PAT 
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Figure 85: Complete PAT 
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Appendix E- Workflows "Change request"', 
"Change notice", "Change activities"' 
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Figure 86: Change request workflow 
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Figure 87: Change notice workflow 
252 
EP 
Rewoik Change Notice Task 
Set State Implementation--_ 
Reuuofk- - Complete 
(P ---+ 
% 
00 
Review Chang a Notice Task Set State Resolved 
DilSynch on ChAnge Notice ImplernentationA State Implementation 
Complele Change. Notice Task Set State Under Review Fir. 
Figure 88: Change activities workflow 
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